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PREFACE 

In ari^aiigiiig the notes and examples of the present volume 
the author’s aim was to provide a small handbook which 
would be useful to Power Distribution and Traction 
Engineers and Students, particularly those preparing for 
University and Diploma final examinations, the final ex¬ 
amination (in Electrical Engineering) of the City and 
Guilds of London Institute, and the Graduateship Examina¬ 
tion of the Institution-of Electrical Engineers. 

With the object of assisting stu^pnts engaged in private 
study, the more important theorems and formulae relating 
to Power Distribution are given in a separate chapter, and 
those relating to Electric Traction are arranged in chapters 
appropriate to the classification of the examples in this 
subject. Neither proofs of theorems nor deduction of 
formulae are given (except in special cases), as these will 
be found in suitable textbooks. 

As far as possible the examples have been selected from 
the examination papers of the University of London, City 
and Guilds of London Institute, and the Institution of 
Electrical Engineers, but a number of examples have been 
compiled to suit the needs of particular problems. 

The best thanks of the author are due to the Senate of 
the University of London, the Examinations Board of the 
City and Guilds of London Institute, and the Council of 
the Institution of Electrical Engineers. Grateful acknow¬ 
ledgment of assistance is due to his colleagues, Messrs. 
H. C. Mann, B.Sc. (Eng.), (Lond.), M.I.E.E., and J. G. 
Fleming, B.Sc. (Eng.), (Lond.), A.M.I.E.E. 


A. T. DOVER. 
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NOTES 

Logarithms, where used, are to the base 10. 

Vector Diagrams. All diagrams have been drawn for 
counter-clockwise rotation. 

E.M.P\ vectors are represented by an ordinary _ 

arrow-head. 

Flux vectors are represented by a double arrow-_^ 

head. 

Ampere-tum vectors are represented by a solid_^ 

arrow-head. 

Current vectors are represented by a closed arrow- _ ^ 

head. 

V^ECTOR Quantities are denoted by dotted capitals, thus, 
F, 1, Z: their rectangular components are denoted by appro¬ 
priate symbols or numerals, vertical components being com¬ 
pounded with the symbolic operator j (= V 1)> thus, 
Z = R+j X. 

Weights. The British ton (2,240 lb.) is used throughout. 
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PART I 

POWER DISTRIBUTION 

Systems of distribution. Three systems are in use; (a) the 
iim-wire system with two conductors of the same cross-section ; 
(h) the three-wire system with three conductors, two of wliich 
—called the “outers”—have the same cross-section, and the 
other—called the “neutral” or “middle Avire”—has ^smaller 
cross-sftc.tion (usually one-half of that of either outer) ;7cT“lhe 
three-phase four-wire system (which is now adopted for all new 
schemes) with four conductors, thi’ee of which—called the 
“line” or “phase” conductors—have the same cross-section, 
and the remaining conductor—called the “neutral ”—is in some 
cases of smaller cross-section, but in many cases has the same 
cross-section as a phase conductor. With the three-wire system 
equal voltages are maintained normally between each outer 
and the neutral, the voltage between the outers being twice 
that between an outer and the neutral. With the four-wire 
system equal voltages are also normally maintained between 
the neutral and each of the phase conductoi's, but in this 
case the voltage between any pair of phase conductors is 
times the voltage to neutral. In both cases the neutral is 
earthed (usually through a resistance) at the power or distri¬ 
buting station. 

Distributors and feeders. The supply conductors to which 
the consumers are actually connected are called disiributordy 
and their function is to supply the A’^arious consumers at prac¬ 
tically equal voltages. A statutory variation of ± 4 per cent 
of the declared voltage of distribution is permitted in the 
supply to consumers. 

The distributors are supplied by feeders^ the function of 
which is to maintain specified points (called feeding points) of 
the distributors at definite voltages. 
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Two-wire direct-current distributor. Case L Feeding 'point 
at one end. Pig. 1 shows the circuit diagram. Fig. 2 is a con¬ 
ventional single-line diagram in which only the positive side 
is shown, and the resistances of the sections between the load 
points are equal to those of both outgoing and return con¬ 
ductors of the actual distributor (i.e. the negative side or returix 
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Circuit and Conventional Diagrams of Two- 
wiRE Distributor 


ia consideijed to have no resiatauce). The voltage drop between 
the feeding point and the extreme load point is given by 

V = /a^a + + • • • 

- + /sRa +.(1) 

If the distributor is of uniform cross-section throughout, and 
R is the resistance per yard of route (i.e. R is the resistance of 
one yard of outgoing conductor + one yard of return con¬ 
ductor), we have 

V = R(Iil\ + ItU + + • • •) • • ( 2 ) 

where Zi, U, Z 3 , . . . denote the distances, in yards, of the 
various load points from the feeding point. 

Case 2. Feeding points at both ends and at the same poieniiaL 
(Pig. 3.) The load point, or points, having the lowest voltage 
must be determined before the voltage drop can be calculated. 
If the lowest voltage occurs at load point No. 3, we have 

+ -^1 + ^c) + + ^ c ) + 

— ~ ^e) + + A) 

whence I^R^ == + hRi" - (IiRi + /iR|') . (3) 

where R^ denotes the total resistance of the distributor; Rj', 
R^f the total resistances between feeding point Pi, and the load 
points Nos. 1 and 2 respectively; R^", R^", the resistances 
between feeding point Pj and the load points Nos. 3 and 4 
respectively. 
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If the cross-section is uniform throughout 

hi == hV + hV - (hli + hh') . • (4) 

where I denotes the distance between the feeding points; li\ 
Za', the distances of the load points Nos. 1 and 2 from feeding 
point Fi ; Za^, Z 4 "', the distances of the load points Nos. 3 and 4 
from feeding point 

If, in a particular problem, the assumed point of lowest 
voltage is in error, the value of may be negative, or it may 
be greater than the adjacent load currents. The solution, 



Fio. 3. Conventional Diagram of Distributor with 
Two Feeding Points 


h = 0, indicates that adjacent load points (e.g. Nos. 2 and 3) 
are at the same potential. 

Equation (4) suggests a method of determining the point, 
or points, of lowest voltage. For example, for the conditions 
represented in Fig. 3 to be satisfied we must have 

( 7 ^ 4 -^ + hW) > (hW + hit) 

or generally, with n loads, the sum of the products I^ln^ 
l{n-if^ • . . with respect to the right-hand feeding point 
must be greater than (or equal to in the special case when two 
adjacent load points are at the same potential) the sum of 
the products /iZj', 7,Z,', . . . with respect to the left-hand 
feeding point. 

CdBe 3. Feeding points at both ends and at different poten¬ 
tials. Let Fi, F, denote the voltages at the feeding points, 
and the total resistance of the distributors. Due to the 
difference of potential between the feeding points, a circu¬ 
lating current, equal to (Fi - F,)/JRj, flows through the dis¬ 
tributor in addition to the currents due to the loads. The 
currents in the sections 6 an therefore be obtained by taking 
the algebraic sum of the circulating current and the currents 



4 


EXAMPLES IN POWER DISTRIBUTION 


which would be obtained if the feeding points were at equal 
potentials. The calculation of the voltage drop is similar to 
that for the preceding case. 

Alternatively, the currents in the sections may be calculated 
directly. Tims, the current in section is determined 
from the equation 

“ n) h IJiv' + IJW' + (If/) 

uherc Rx\ R/^ • • • denote the resistances from the feeding 
point Ra to the load points I, 2, . . . 

The current (/^) in section R^ is 

~ I ^2 + ^3 h ^4 ~ ^a» 
and the currents in sections R,/. R^. are 

~ ~ h ; hi — fc~ h'-i h-- ^6 “ ^2 ~ h~ /rf* 

Three-wire direct-current distributor. The voltage drop in 
each outer and that in the neutral arc calculated separately. 
The calculation of the voltage drop in the neutral is quite 
straightforward, if due care is exercised in determining the 
magnitudes and directioyis of the currents in the sections 
between the load points. Observe that the voltage drop due 
to currents having a direction towards a neutral feeding point 
is considered as positive, and those due to currents in the 
opposite direction as negative. Thus the resultant voltage 
drop in the neutral is equal to the algebraic sum of the voltage 
drops in the sections between the load points. 

Alternating-current distributors (two-wire and three-wire). 
These cases differ only from those for the corresponding direct- 
current distributors when (a) the distributor possesses induc¬ 
tance (e.g. when overhead lines are employed), (b) the power 
factors of the loads are below unity. 

With the first case and loads of unity power factor, the 
impedance of the distributor is substituted for the resistance 
term in the appropriate equations. 

With a non-inductive distributor and loads having different 
power factors, currents and voltage drops are added vectorl- 
ally instead of arithmetically. But with similar load condi¬ 
tions and an inductive distributor the calculation of voltage 
drop in a section involves the product of two complex quan¬ 
tities (e.g. current and impedance), and is beat effected by 
complex algebra.* 

* The principlee of complex algebra and its application to the solution 
of alternating-current circuits are given in the author’s Theory and Prac¬ 
tice of Alternating Currents, 
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Three-phase four-wire distributor. The calculation of the 
voltages at the load points in the special case when the loads 
are balanced is quite straightforward. But in the general case, 
when the loads are unbalanced and have different power fac¬ 
tors, the calculation is involved on account of the phase differ¬ 
ences between the voltage drops in the sections of the phase 
conductors and the neutral. In this case the voltages between 
each of the phase conductors and the neutra] will generally 
be unequal, and their phase differences will differ from 120 
degrees. Moreover, the potential of the load points on the 
neutral conductor will generally differ from the potential of 
the neutral point of the system. 

Cross-section of distributor for minimum weight of conduc¬ 
tors. For a specified overall voltage drop the minimum weight 
of conductors is obtained when the cross-sections between the 
load points are proportional to the square root of the currents 
in the respective sections. For example, if in Fig. 2 the cross- 
sections taken in order from the feeding point are to be 
* * • 

Lhen : a, . . . = V^a = V/j: Vh • • • • (5) 

The overall voltage drop v being known, the voltage drops 
in the sections are given by 

= I'hVIJihVIa + kVh + + • • •) ( 0 ) 

Vi = V^(l,lk)y/{IJIJ 

== vl2\/Ibl(liVIa + ^2 + ^3 V^c + • • •) 

Whence 

a a = 2plJJv^\ = aaV(V/o); 

«c = «aA/(V^a).(8) 

where p denotes the resistivity of the conductor. 

Proof. Consider for simplicity a distributor of two sections supplying 
loads /j, /j. Then, with the notation of Fig. 2, if v is the overall voltage 
drop, we have 

Va = “o = "ipWi + 

"ft = " "a = ^PW%> “6 = 2p/j/j/(ti - Vg) 

The volume of copper = and its minimum value is ob¬ 

tained by equating to zero the di^erential coefficient of volume with 
respect to and solving for v^. Thus 
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W’honce 

^ h j h 
«’o h'y 

Heiice 

^ ^ (^A±b\ h ^ t/j ^ /£« 

«6 V t;„ y V L / ^2 V i, V /ft 

For minimum weight of conductors in a branched main, 

AB, BC, BD, which is fed at A, and in which equal voltage 
drops (r) occur between the feeding point and the distant 
ends, the voltage drop in the common portion AB \s given 
by 

vi = vWIilihVIi + + h^h)) . . (0) 

where /j, /j, are the equivalent currents in the portions 
AR, RC, BD, taken in order, and Zi, are the corresponding 
lengths; the equivalent current being that current which, 
flowing thi'ough the whole length of a section, produces a 
voltage drop equal to that due to the actual load currents. 
Whence, for a d.c. two-wire system 

ai = 2plJi/t \; o, = 2plJJ(v-Vi ); a, = ajiljltlt (10) 

where aj, aj, denote the cross-sections of the portions AR, 
RC, CD, taken in order. 

Current distribution and voltage drop in networks. These 

are best determined by the application of Kirchhofl’s Laws, 
which may be stated thus— 

1. At every junction of two or more branches of an electric 
circuit the algebraic sum of all currents is zero. 

2. In every closed circuit carrying a current the algebraic 
sum of all e.m.f.s taken in order round the circuit is zero. 

Insulation resistance of mains and networks while working. 

With a non-earthed two-wire system the insulation resistance 
can be determined by means of a voltmeter of known resis¬ 
tance (or, alternatively, a low reading ammeter and series 
resistance of about 1,000 ohms or more). Each main is earthed 
successively thi’ough the voltmeter, the readings being Vi 
(4- side) and F, (- side). If the voltage of the system Is F, 
and the resistance of the voltmeter is R^, then 

insulation resistance of + side 

= R,(F-F,-F,)/F, . . . . (11) 

insulation resistance of - side 

= R^(F^Fi~F,)/F, .... (12) 

insulation resistance of network 
= R^(F-Fi-F,)/(F,-f F.) 


( 18 ) 
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To apply this method to a three-wire system, the normal 
earth connection is removed from the neutrcd. One of the 
outers and the neutral are earthed successively through the 
voltmeter, the readings being Vi (outer) and F© (neutral). 
Then if V is the voltage between the neutral and each outer 
the insulation resistance of the network is given by 

« = .... (14) 

The insulation resistance may also be determined without 
removing the earth connection from the neutral. Thus, if the 
current in the neutral earthing resistance (B^) is /, and the 
voltage between neutral and earth (determined by an electro¬ 
static voltmeter) is Vq^ 

R = {VJI)-R, .(16) 

Alternatively, if the earthing resistance is shunted by a 
resistance of equal value, and /' is the current in the former, 

R = R^(I ^ I')l(2r - I) .... ( 10 ) 

Division of current in parallel connected feeders and trans¬ 
formers. These cases become identical in principle when the 
ratio of transformation is the same for each transformer. 
Thus, considering the single-phase case, a load current /, at 
a power factor of cos g), will divide between two feeders or 
transformers in the following manner— 

== IZjKZi + Zg) . . . . . (17) 

/, = IZJ(Z, -f Z.).(18) 

where I = I cos (p ^ jl sin 9 ?, and Zi, Z, are the impedances 
of'the respective feeders or transformers. The calculation is 
caj*ried through by the symbolic (complex algebra) method, 
and both the magnitudes and phase differences of the currents 
Ilf Ig are determined at the same time. 

If the voltage at the receiving end of the feeders, or the 
common terminal voltage of the transformers, is denoted by 
F, we have 

Vfi = ViZgKZi + Zg) . . . . (19) 

Vig = VlZiKZi + Zg) . . . . (20) 

These equations show how the load (in volt-amperes or kVA) 
is divided between the feeders or the transformers. 

^—(5186) 
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If the no-load e.m.f.s, J&i, of the transformers are un¬ 
equal, and the impedance of the load is Z, the currents supplied 
by the transformers will be given by 

E,Z, + (E,-E,)Z 

Z,Z, +Z{Z, +Z,) • • • • 

E,Z,-(E,-E,)Z 

Z,Z, + Z(Z, + z,) • • • • 

Worked Examples. 1. A three-wire single-phase distri¬ 
butor cable, AFB, 500 yd. long, is fed at its centre F and 
loaded as follows; the phase differences of the load currents 
being given with reference to the p.d.s at the feeding point, 
and in all cases being lagging— 

Red side : 50 A at 25-8° at A ; 10 A at 0° at C, 150 yd. from 
R; 20 A at 36-8° at R. 

Blue side : 30 A at 30-8° at D, 100 yd. from A; 30 A at 
18*2® at R, 50 yd. from R. 

The feeding point is connected directly to the secondary 
windings of the transformer, which maintains a p.d. of 235 V 
on each side, and a p.d. of 470 V between the outers. 

The resistance of each outer is 0*16 Q, and that of the 
neutral is 0-3 D. 

Calculate the current in each section of the distributor, the 
current in the secondary windings of the transformers, and 
the p.d. at each load. 

Solution. This problem must be calculated throughout, either 
by complex algebra or by resolving all currents and p.d.s into in- 
phase and quadrature components. 

The load currents are therefore given symbolically by 

= 50 cos 25-8°-ysO sin 25-8‘^ = 45-y21-8; /c = 26-^12; 

/b = 16->12; /p = 24->18; Jg = 28-5->9-36. 

Hence the currents in the sections of the distributor are 

Red outer : FA-—I^ ;FC — I^-\-I^, ;CB — 

Blue outer : FD — Ijy; FE — 

Neutral: FDI DAI FC^ (/b - h ~ /b) ? 

CE - (/e "• /b) * — /b J negative sign in the cases FC and 

CE denoting that the direction of the currents in these sections 
with respect to the neutral point of the transformer is, at a given 
instant, opposite to that of the currents in the other sections of the 
neutral. 
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The currents in the transformer are— 

Red aide : + /c + /b = -j33-8; 

J, = -^/(VP + 33-8i*) = 78-6 A. 

Blue aide ; /j = + h = 52-5 

v/(-'>2-5“ L 27-36^') = r.'J-2 A. 

The p.d.s at the feeding points being 23o + _/0 and 235 -f ;0, 
those at the loads are— 

Vj, = (235 4-y0)-[/i(0 08 + 0-06) f 0 09(/^ -/j,)] 

= (235 + jO) - (0 09 ->3-392) = 225-9 + >3-4. 

Vj^ =- V(225-02 + 3-42) ^ 225-9 V. 

F„ = (235 + >0) -[0-032(/„ + Z^) -f / (0-048 i- 0-03)] 

+ [0-06 {(/« -/d) -i (Ie-h-IcY<'\ 

^ (235 + JO) - (2-208 ->1-756) = 232-8 + > 1-75 

Vg = 232-8 V 

Kc = (235 -f >0) -10 032(/„ I /„) - 0-06(/„ - /^ - Ig)] 

= (235 + >0) - ( 0-68 ->0-6) ^ 234-3 + >0-6 

Vc = 234-3 V 

Vg = (235 + >0) - [0-048fD - 0-09(7^ - /„)] 

= (235 -f >0)-(0-26->0-521) --= 234-7 1 - >0-52 

Vg = 234-7 V 

Vg = (235 + >0) - [0-06 {(/e - Ig - /c) -i- Ue " hY + O'OM/eJ 
= (235 l-jO)-(2-69->0-164) = 232-3 -f >0-16 
/. l\^TS2 3\ 

2. A three-phase, four-wire, overhead-line distributor, AE, 
1,600yd. long, fed at A, has single-phase loads connected 
between the phase conductors and the neutral as follows, the 
loads being expressed symbolically in terms of their impe¬ 
dances— 

Red phase : 10 + j7 at Z>, 1,100 yd. from A. 

Blue phase : 15 + at C, 750 yd. from A. 

White phase : 45 + iO at i?, 250 yd. from A ; 30 + ^1^ at 
Ey 1,600 yd. from A, 

The feeding point is connected directly to the secondary 
winding of a transformer, the p.d.s of which, expressed in 
accordance with the B.E.S.A. standard phase rotation, are— 

White phase : -= 240 + jO. 

Blue phase : F, - 240(- 0*5 - jO- 866 ) - - 120 -;208. 

Red phase : F 3 = 240(- 0*5 + jO-866) = ~ 120 + ^208. 
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Each line conductor has a cross-section of 0-05 sq. in. The 
I’esistance per mile of conductor is 0*95 Q, and the reactance 
per route mile of loop formed by any phase conductor and the 
neutral is 0-9 Cl, 

Calculate the current and p.d. at each load. 

SonjTiON. This problem involves the application of KirchhoiPs 
Laws. The distributing system is divided into closed loops or 
meshes, and for each loop the vector sum of all p.d.s in the loop must 
be zero. Thus, if the p.d.s of the white, blue, and red phases of the 
transformer are denoted by Pa* order; the impedances 

of the loads by Zg, . . . Z^; the load currents by /g, . . . 
/g; and the impedance of one line conductor between the feeding 
point and each of the load points, B, , . . by Zj, . . .Z|, in 
order, we have 

Fi = h(?B + 22,) -I- 2/ Z, 

i a ~ /b^I fci^C H' /e^i 

Vi ~ /b^I fc^2 ~i" /d(^2 /e‘^8 

/b^B ~ ?'l) /d(^3 “■ ^ 1 ) "I" /e(^B'^ ^(^4 “ ^ 1 )) 

From these four equations we can determine the four cmTents 
/g . . . /g. But it is simpler to eliminate /g from the first, second, 
and third equations and solve these for /(,, /g, Jg. The solution is 
best effected by determinants,♦ but is tedious, although only arith¬ 
metic computation is involved. The results are— 

- 10-7-y9-7; /g == 1*21 fyi9*25; /g - 614~;3*2. 
Substituting these values in the fourth equation, we have 
/b = 5*3 F i0*02 

Whence 

== V(5*32 ^ 0.022) == 5.3 A; /g - 9-72) = 14*5 A; 

/g = 19*25*) = 19*25 A; 4 = ^(614* f 3*2*) = 6*92 A. 

The load voltages are obtained by multiplying the load currents 
by the appropriate loeui impedances. 

Thus 

Fg = /gZg = 5*34 X 45 = 238*5 V; 

Fg = /cZc = 14*6 V(15* -f 5*) = 229*2 V; 

Fg = /gZg = 19*25^(10* + 7*) = 235 V; 

Pb = ^K^B = 6*92 V(30* + 15*) = 232*2 V. 

* Examples of the solution of similar equations are given in the author's 
Theory ana Practice of AUemating Currents, p. 286, in connection with the 
calculation of polyphase circuits. 
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3; 5,000 kW at 0*8 power factor (lagging) and 30,000 V is 
received by a substation through two three-phase overhead 
lines, A, B (which follow different routes) operating in parallel. 
The current supplied by A is 60 A, and the power obtained 
from B is 3,000 kW. If each of the lines B has a resistance of 
8 O and a reactance of 10 O, what are the corresponding quan¬ 
tities for the lines A, and what is the current in each line? 


Solution. The problem is best calculated by employing complex 
algebra. First the currents in the lines A, B are determined, thence 
the ratio of the line impedances is calculated by the application of 
equations (19), ( 20 ). Thus, the load current (/) is 

/ = 6000 X 10^/(V3 X 30,000 x 0-8) = 120 A 
or / = 120 X 0‘8 - jl20 sin (cos'^ 0-8) = 96-^72 
The in-phase component of the current in lines A 

= (6000-3000) X 103/(v'3 X 30,000) == 38-6 A 
and the quadrature component = ^(50* - 38*5*) = 31*9 A. 


Hence 1^ = 38-5-^31*9 

Wlience - = 67*5 -^40*1 


From equations (19), (20) we have 

ZJ?B = /b//a 

Whence 


= (3 -f il0)(57-r>-y40-l)(38-5 + y31-9)/(38'5* -f 31-92) 
- 10 +^16 

i.e. Resistance =1011; reactance = 15 Q. 


EXAMPLES I 

POWER DISTRIBUTION 

1. Compare the three-wire d.c. system with the four-wire, three- 
phase system at unity power factor with respect to relative economy 
in copper for equal voltages at consumers' terminals. The distance, 
power delivered, and current density are to bo equal in the two 
cases. In each system the neutral conductor may be taken as of 
half the area of any outer conductor. 

2. Calculate the relative weights of copper required for a dis¬ 

tribution network on the d.c. three-wire and the three-phase four- 
wire system. Assume in both cases the same voltage at consumers* 
terminals, the same copper losses, that the loads are balanced, and 
unity power factor in the three-phase case. (CO) 

3. Compare the relative weights of copper required for a three- 
wire d.c. distribution system and a four-wire three-phase system on 
the basis of equal power, equal losses, and equal voltage to neutral. 
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The power factor in the latter case can be taken as 0*9, and the 
neutral wire in each case is to bo one-half tlie cross-section of the 
corresponding outer. (RP) 

4. Compare the weight of copper necessary for a three-phase 

four-wire transmission with that necessary for a d.c. three-wire 
transmission to supply a lighting load with a given voltage on the 
lamps, a given distance of transmission and the same percentage 
total voltage drop. Assume that the reactance drop in a given line 
is equal to the resistance drop, and neglect the voltage drop in the 
neutral conductors. (LU) 

5. Explain the separate functions of the boosters and balancer 
in obtaining voltage regulation on a d.c. three-wire feeder, and draw 
a diagram of connections. 

Assuming that the resistance of each outer is /?, that the middle 
wire has half the cross-section of either outer, and that the more 
heavily-loaded side carries I amperes, calculate the current on the 
lightly-loaded side which will give a pressure, at the far end, on 
this side of the system equal to the pressure at the generator end 
of the feeder. Under what conditions will the pressure at the far 
end exceed that at the generator end? (LU) 

6. What are the principal methods of locating faults on low-ten- 

sion distribution networks and on main transmission three-core 
cables? What precautions and calculations have to be made when 
several lengths of different size cables form the main on which the 
fault has occurred? What is the equivalent length of main con¬ 
sisting of (a) 750 yd., 015 sq. in., (6) 400 yd. 0*1 sq. in., (c) 200 yd., 
0-075 sq. in., (d) 50 yd., 0-04 sq. in. ? Resistance of 0-1 sq. in. cable 
is 0-42 il per mile. (lEE) 

7. Give an account of the tests to be made (a) in the station, 
(6) on the network, for locating the position of a fault in a low 
voltage distribution network. 

A fault to earth occurs in a section of distributor cable 250 yd. 
long. The section is isolated from the supply, and the resistance of 
the faulty conductor, measured between earth and the testing end, 
is found to be 12 Q. When the distant end is earthed, the resistance 
measured as before is 2-25 D. Determine the distance of the earth 
fault from the testing end of the cable, and the resistance of the 
fault. The conductor has a resistance of 0-01 Q per yd. (UG) 

8. A voltmeter of resistance is connected alternately between 

each main and earth. The voltage between the mains of a two- 
wire d.c. system is V ; the numerical sum of the readings so obtained 
is Vi, Show that the insulation resistance R of the system is given 
hy R = R^(V - Vi)IVi. Show also, that if the readings are in 
error by p per cent, the corresponding percentage error in the insula¬ 
tion resistance isp(i? + R^)IR, (LU) 

9. A resistance of 1,000 Q is connected to earth from one ter¬ 
minal (A ) of an insulated two-wire d.c. network at 200 V, and found 
to carry 0*13 A. It is then connected to earth from the other ter¬ 
minal (R) and foimd to carry 0-05 A. A section of the network is 
then (iisconnected by means of a double-pole switch, and the 
measurements repeated with the results 0*137 A and 0*033 A in the 
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same order. What is the insulation resistance of each part of each 
pole of the network? (LU) 

10. Explain what is meant by the insulation resistance of a three- 
wire d.c. current network. In measuring the insulation resistance, 
the following results were obtained after the Board of Trade earth 
connection has been removed: Reading on electrostatic voltmeter 
connected between neutral and earth, 200 V. Milliammeter reading 
when connected in series with a resistance of 1,000 D and earth, 
20 mA. The voltages on the sides of the system were maintained 
the same. Develop a formula giving the insulation resistance of 
the network, and calculate its value in the above case. (CO) 

11. The earth connection having been removed from the middle 
wire of a three-wire d.c. network, an ammeter in series with 1,000 II 
was connected between the positive wire and earth, and then be¬ 
tween the mid-wire and earth; the readings were 0*385 A and 
0185 A respectively. The p.d. between each outer and the middle 
wire is 240 V. Calculate the fault resistance of the system, and 
prove any formula used. 

12. A distributor, 1,000 yd. long and of 0*2 0 resistance (lead 

and return), is fed at one end (A) by a shunt generator giving 220 V 
at no load and 210 V at its full load of 100 A, the load characteristic 
being a straight line. The other end (B) is fed from a battery in a 
substation, the discharge e.m.f. being 215 V, and the internal resis¬ 
tance 0*04 D. Loads of 75 A and 100 A are taken off at distance.^ 
of 250 and 750 yd., respectively, from the generator. Find the p.d. 
at each end of the distributor and at the two loads. (BU) 

13. A two-wire distributor is fed at both ends with a 480 V d.c. 
supply. The resistances and loads are as follows— 

0-004 0-0085 0-005 0-005 0-0025 Q. 

1 I I i 

A 40 A 20 A 30 A 50 A B 


0-004 0-0085 0-005 0 005 0-0025 Q 

Determine the position and value of the maximum drop in volts, 
and the magnitudes and the directions of the currents in the various 
parts of the distributor. If the voltage at the feeding point A 
happens to be 480*5 V, while that at B is held constant at 480 V, 
determine the redistribution of currents in the distributor on the 
assumption that the load currents remain imaltered. (BU) 

14. In a developing district the load on a new two-wire distribu¬ 
tor, 400 yd. long, is being connected at the rate of 20 A every 
10 yd. It is fed at the end from which the loading begins, and the 
maximum voltage drop must not exceed 4 V. Each core has a 
resistance of 0*0211 per 1,000 yd. (a) How many services may be 
connected before it becomes necessary to feed the cable from the 
other end ? Under these new conditions of feeding calculate (b) the 
maximum voltage drop and (c) the point at which it occurs. (BU) 
16. A two-wire d.c, distributor, A, 1,000 yd. long, is loaded 
as follows: 70 A, 200 yd. from A; 20 A, 360 yd. from A; 66 A, 
560 yd. from A; 60 A, 100 yd. from B; 90 A, 260 yd. from B. 
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The feeding point A is maintained at 226 V, and the feeding point 
B at 224 V. Find the position of the point of minimum p.d., and 
the current supplied at each feeding point, if the total resistance 
of the distributor (lead and return) is 0-08 Q. (BU) 

16. A two-wire distributor, 600 yd. long, is loaded uniformly at 
the rate of 0-2 A per yd. The distributor is fed at both ends, and 
the voltages at the feeing points are 200 V and 196 V. Determine 
the point in the distributor at which the current is zero. The 
resistance per yard of each of the conductors is 0*0008 Q. 

17. Design a distributor cable 600 yd. long to be fed with direct 
current from both ends to supply the following loads at the stated 
distances from one end. The voltage drop in no case must exceed 
2 per cent of the feeder p.d. of 260 V. Specific resistance of copper 
= 0*67 juQ per in. cube. 


Consumer No. . 

1 1 

2 

3 

4 

5 

6 

7 

8 

0 

10 

Current 

20 

20 

30 

10 

20 

10 

25 

40 

15 

5 

Yards 

10 

25 

45 

80 

120 

200 

300 

400 

420 

470 


(CG) 


18. Show that, for a given power (PB) loss, the weight of conduc¬ 
tors in a distributor is a minimum when the cross-sections between 
the load points are so chosen that the current density in all sections 
is constant. 

19. Show that, with a “tapered” distributor designed for a given 
overall voltage drop, the weight of the conductors is a minimum 
if the cross-sections between the load points, taken in order, are 
chosen proportional to the square root of the currents in these 
sections. Show also that under these conditions the current density 
in any section is proportional to the cross-section of the conductor 
in that section. 

20. A street main is 660 yd. long from A to B, the power being 

supplied at A. At a point C 260 yd. from A there is a branch main 

CD 200 yd. long. The equivalent loads which give the same fall of 
voltage over the sections concerned are— 

On the section AC, 40 A at 100 yd from A. 

„ „ CB, 16 A „ 300 yd. „ C. 

„ „ CD, 20 A „ 80 yd. „ C. 

Determine the cross-sections of the mains AC, CD, and CB for 
minimum total copper volume, if the fall of voltage is to be 4 V, 
between A and B and A and D. (BU) 

21. A two-wire d.c. distributor is laid in the form of an equi¬ 
lateral triangle, each side of which is loaded uniformly, the rates of 
loading of the three sides being 1, 1, and 2 A per yd. respectively. 
The feikiing points are at the comers of the triangle, and the supply 
station is at the centre of the triangular area bounded by the dis¬ 
tributor. All feeders are straight and have the same pressure drop. 
Compare the volume of copper required for these feeders with that 
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for the case where the supply station is located in the position which 
gives a minimum volume of copper for the feeders, the pressure 
drop being the same in each case. (I'U) 

22. A three-wire d.c. distributor cable AB^ 700 yd. long, is fed 
from both ends, and the p.d. between either outer and the neutral 
is maintained constant at 200 V at each end. The cable is loaded 
as follows: -f aide : 20 A at O, 200 yd. from A\ 40 A at Z), 200 yd. 
from B\ -aide: 60 A at E, 240 yd. from A; 20 A at F, 160 yd. 
from B. 

The resistance of 100 yd. of each outer conductor is 0 05 Q; 
that of the neutral is 0*1 D per 100 yd. Calculate the current in each 
section of the positive, neutral, and negative conductors, and the 
voltage across each load point. 

23. A three-wire single-phase distributor cable AFB, 800 yd. long, 
is fed at its centre, F, and loaded as follows, the phase differences 
of the load currents being given with reference to the p.d.s at the 
feeding point and in all cases being lagging— 

Red aide : 20 A at 18-2° at A; 60 A at 36-8° at (7, 280 yd. from 
A; 30 A at 18*2® at Z), 50 yd. from B; 15 A at 25-8° at B. 

Blue aide : 10 A at 25*8® at A; 50 A at 0° at E, 200 yd. from A ; 
50 A at 36*8° at Oy 300 yd. from B\ 15 A at 0° at B. 

The feeding point is connected directly to the secondary windings 
of the transformer, and a p.d. of 235 V is maintained on each side, 
the p.d. between the outers being 470 V. 

The resistance of 100 yd. of each outer is 0 032 D, and that of 
100 yd. of the neutral is 0 06 Q. 

Calculate (1) the current in each section of the distributor, (2) 
the p.d. at each load, (3) the currents in the secondary windings of 
the transformer, (4) the power supplied by the transformer. 

24. A three-wire single-phase distributor cable ABy 700 yd. long, 
is fed from both ends and loaded as follows, the phase differences 
of the load currents being given with reference to the p.d.s at the 
feeding points and in all cases being lagging— 

Red aide : 20 A at 0° at O, 200 yd. from A; 40 A at 36-8° at D, 
200 yd. from B, 

Blue aide : 60 A at 25*8° at Ey 240 yd. from A\ 20 A at 36-8° 
at Fy 160 yd. from B. 

The feeding points are connected directly to the secondary wind¬ 
ings of transformers in street boxes. Each transformer maintains 
a p.d. of 200 V on each side of the system, and a p.d. of 400 V 
between the outers, the p.d.s at each feeding point being in phase 
with each other. 

The resistance of 100 yd. of each outer is 0 05 Q, and that of 
100 yd. of the neutral is 0*1 Q, 

Calculate (1) the current in each section of the distributor, (2) 
the voltage at each load, (3) the power supplied by each transformer. 

25. A three-phase four-wire distributor, ABy 400 yd. long, sup¬ 
plies four star-connected balanced loads (all at unity power factor) 
as follows: 30 A at C, 80 yd. from A\ 35 A at D, 190 yd. from A ; 
17*6 A at Ey 270 yd. from A; 10 A at J5. 

If the cable is fed from A at 410 V between lines, calculate the 
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cross-section to give a voltage drop to consumers of not more than 
4 per cent. Calculate also the voltage at each load point. 

What would be the reduction in the voltage di’op if the cable 
were extended to a second feeding point, 100 yd. beyond B, and 
fed also at 410 V ? I\Tiat would be the current at the second feeding 
point and the voltage at each load point ? 

The resistance only need be taken into account in calculating the 
voltage drop. 

26. A three-phase four-wire distributor, XF, supplies lighting 

loads A, By and C of 120, 60, and 20 amp. respectively. A is 50, 
B 120, and (7 160 yd. from X. The loads at A and B are balanced 
on the three plieises, and that at G is connected between the red 
phase and neutral only. If the cable is fed from both ends at equal 
pressures, the two ends of each core being at the same potential, 
calculate the voltage drop at each of the three loads connected 
between the red phase and neutral, ♦he length of the cable is 200 yd., 
and the resistance per 1,000 yd. of each core is 0*4 D. (RP) 

27. A three-phase, four-wire overhead-line distributor, 1,500 yd. 
Jong, is fed from one end, A, and loaded with single-phase loads 
which are connected between a phase conductor and the neutral in 
the following manner, the phase differences of the load currents 
being given with reference to the p.d.s at the feeding points, and in 
all cases being lagging— 

Red phase : 10 A at 25-8° at B, 200 yd. from A; 15 A at 0® at B, 
800 yd. from B. 

Blue phase : 12 A at 0® at 0, 400 yd. from A; 15 A at 25-8® at 
Fy 700 yd. from C. 

White phase : 20 A at 36*8 at D, 700 yd. from A; 10 A at 18*2® 
at Qy 800 yd. from D. 

The feeding point is connected directly to the secondary winding 
of a transformer which maintains a p.d. of 240 V between each 
phase conductor and the neutral, and a p.d. of 416 V between any 
pair of phase conductors. 

Calculate (1) the p.d. at each load, (2) the currents in each phase 
of the transformer, (3) the power supplied by the transformer. 

The resistance per mile of each line conductor is 0*65 D, and the 
reactance per route mile of loop formed by any phase conductor 
and the neutral is 0-86 D. 

28. A ring main has conductors of 1 sq. in. in cross-section, and 
is 1 mile long. A d.c. supply at 500 V is provided, and at distances 
of i» and J miles respectively, are tapped off supplies of 250, 500, 
and 250 A. Calculate (1) the voltage drop at the three points. 

In order to reduce this drop a connection is made direct from the 
supply by a cable of the same section one-third mile long. Calculate 
(2) the drop under the new conditions. The resistance of one mile 
of conductor 1 sq. in. in cross-section = 0-044 D. 

29. A ring main supplies four feeding points, B, O, B, and B, 
from a substation A, the resistances of the cables being as follower 
AB. 0 032 D; BC, 0-067 D; CD, 0-081 Q; BB, 0-73 D; BA, 0-024 O. 
The maximum loads are: B, 110 A; C, 90 A; B, 60 A, B, 120 A. 
Calculate (1) the current in each section under these conditions. 
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Calculate also (2) the current distribution if an interconnector of 
resistance 0*068 O is added between C and E, (EP) 

30. A distribution network ABGDEFA with iiiterconnectors 
AQD and DF is fed at A and loaded as follows: 4 A at R, 3 A at 
C, 7 A at D, 4 A at 5 A at 2 A at Q, The resistances of the 
various sections of the network (outgoing and return conductors) 
are as follow: AB, 0*1 Q; J50, 0*2 O; CD, 0-2 0; DE, 0*3 O; EF, 
0*2 0; FA, 0*25 0; AO, 0*3 0; QD, 0*15 0; DF, 0*4 0. 

Determine what must be the resistance of an equalizing conduc¬ 
tor between A and D to reduce the voltage drop between these 
points to 2 V. Show' the resulting distribution of currents when the 
equalizer is in use. (DU) 

31. A three-phase supply of 500 kW is required for a factory 2 
miles from the nearest substation. This substation is for transform¬ 
ing 6,600 V to 440 V. The load will have a power factor of 0*8. 
The load factor is 30 per cent, and the PR losses may be taken at 
1*3 times those caused by the equivalent steady load. 

Calculate the efficiency of the supply (1) with a 0*1 sq. in. cable 
at 6,600 V, (2) with a pair of 0*3 sq. in. feeders at 440 V. Comment 
on the comparative results. Take the resistance of a single conduc¬ 
tor 1 mile long and 1 sq. in. in cross-section as 0*044 D. (00) 

32. A factory is supplied from a distributing centre through a 

500 V three-core cable with a resistance of 0*05 D per conductor. 
The load consists of a synchronous motor which absorbs 100 kW at 
unity power factor, and other motors totalling 175 kW with an 
average power factor of 0*6 lagging. The star-connected stator of 
the synchronous motor has a resistance of 0*08 H per phase. If the 
power factor of this machine is lowered to 0*8 leading, calculate the 
copper losses in (1) the supply cable and (2) the stator winding. 
Calculate also (3) the power factor at which the machine should be 
operated to make the sum of these losses a minimum. (00) 

33. A factory makes a maximum demand of 630 kW at 0*7 power 
factor and uses 1,500,000 kWh per annum. Energy is supplied 
at £6 per annum per kVA of maximum demand, plus 0*75d. per 
kWh. 

It is proposed to raise the power factor to 0*9 by the installation 
of a phase advancer, the losses in which may be taken as 1 per cent 
of the maximum demand. Assuming interest and depreciation on 
the phase advancer at 10 per cent, what maximum capital expendi¬ 
ture upon it will be justified ? Discuss whether the installation of 
the advancer is worth while in this case. (DU) 

34. Calculate the most economical angle of lag to whicli a con¬ 

sumer’s load should be advanced with condensers if the consumer 
is charged £3 10s. per annum per kVA of maximum demand plus 
a flat rate per kWh. The cost of the condensers is £4 per kVA. 
Interest and depreciation, 10 per cent per annum. (00) 

35. A local authority purchases a supply in bulk at 10,000 V, 
three-phase, at a price of £4 per kVA demand -f 0*4d. per kWh, 
and distributes 1,000 kVA as three-phase low tension at a power 
factor of 0*8 (lag) and 1,000 kW as d.c. 

(i) What plant should be used for converting to d.c.? (ii) At 
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what power factor should it be operated to keep the cost of energy 
a minimum ? 

(iii) Calculate the cost of energy per annum, assuming a load 
factor of 30 per cent at (a) unity power factor, (6) 0*8 (lag) power 
factor. (lEE) 

36. If the tariff in a certain district is £6 per annum per kVA of 

maximum demand plus 0*55d. per kWh, calculate the saving in the 
cost of energy resulting if the power factor of a 200 h.p. three-phase 
motor is raised from 0*8 to 0*9. The supply voltage is 6,000, and 
the motor efficiency at full load is 89 per cent. The motor nms at 
full load for 1,000 hours per annum. (EXJ) 

37. Calculate the losses per annum incurred in giving, over a 
line 10 miles long, a three-phase supply at 10,000 V through a trans¬ 
former of 1,500 kVA capacity, the demand being 1,000 kW at power 
factor 0*8 lag, and load factor 25 per cent. The size of line conductor 
is 0*1 sq. in., and the resistance per mile is 0*4 D. The transformer 
has an iron loss of 6 kW, and a copper loss at full load of 12 kW. 

(lEE) 

38. A three-phase 50-cycle generating station supplies an induc¬ 

tive load of 5,000 kW at a power factor of 0*7 by means of an over¬ 
head transmission line 5 miles long wdth conductors symmetrically 
arranged. The resistance per mile of each wire is 0*61 D, and the 
self-induction per mile of the loop formed by any two of the con¬ 
ductors taken together is 0*0035 henry. The pressure at the receiving 
end is maintained constant at 10,000 V. If a static condenser is 
connected across the load to increase the power factor at the re¬ 
ceiving end from 0*7 to 0*9, calculate (a) the value of the capacity 
per phase of the condenser, (6) the station voltage when the con¬ 
denser is in use, (c) the station voltage when the condenser is dis¬ 
connected. (CQ) 

39. A three-phase load of 2,000 kW, power factor 0*71 lagging, 

is supphed through an overhead transmission line 10 miles long. 
The inductance of a loop formed by two of the conductors is 0*004 
henry per mile, and each of the three conductors has a resistance of 
0*3 D per mile. Condensers are employed to raise the power factor 
from 0*71 to 0*87. Calculate (a) the kVA rating of the condenser 
bank required, (6) the voltage at the generating station when the 
condensers are in circuit and when disconnected. Voltage at re¬ 
ceiving end 11,500 V, 50 frequency. (C(7) 

40. What considerations determine the cross-section of the con¬ 
ductor in a low voltage system (a) for the feeder cables, (h) for the 
distributor cables ? Determine the most suitable cross-section for a 
two-wire feeder cable 500 yd. long from the following considerations— 


Cro83-section (aq. in.) 

01 

015 

0*2 

0*26 

0-3 

Resistance (ohms per 1,000 yd.) 
10% of cable cost (£) 

0*245 

0*167 

0126 

0*1 

0*081 

27*6 

30*0 

33*0 

37*6 

46*0 

Maximum safe current (A) 

165 

200 

240 

278 

313 


Current, 175 A; interest and depreciation, 10 per cent. Cost of 
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energy wasted, Id. per kWh, the loss being such as would be pro¬ 
duced by a current of 175 A for 4 hours per day. (C(7) 

41. Show that when the fall of voltage due to resistance and 
reactance is small compared with the line voltage, the fall of voltage 
along a three-phase overhead transmission line per ampere per mile 
is given by 

\/S [/? cos q) X sin q)] 

where R, X denote the resistance and reactance respectively per 
mile of conductor, and cos q) is the power factor of the load. 

Find the fall of voltage for a three-phase line 30 miles long when 
5,000 kVA are delivered at 30,000 V and 0*8 power factor (lagging). 
The resistance and reactance per mile are 0*72 Cl and 0*6 D 
respectively. (LU) 

42. A substation is fed from a power house by two routes of equal 

length; on one route the reactance per mile is 50 per cent greater 
than on the other route, the same size of conductor being used. 
Show, graphically or analytically, how the load would be divided 
between the two routes. (LU) 

43. The full output (5,000 kW at power factor 0-8 lagging) of a 

three-phaae hydro-electric station is transmitted to a substation by 
two routes, the lines being connected in parallel. The respective 
resistances are 1*5 0 and 1*0 0, and the corresponding reactances 
ure 1*25 0 and 1*2 0. Determine the power transmitted by each 
route. (CO) 

44. A three-phase load of 1,000 kW is supplied at 6,600 V, 0*8 

power factor (lagging) by two feeder cables working in parallel. 
One cable delivers 670 kW, and the current in each of its conductors 
is 76 A. Calculate the resistance and reactance per conductor of 
this cable if the corresponding quantities for the other are 3 D and 
4 D respectively. (LC7) 

45. It is desired to increase the power transmitted by an overhead 
route by adding another exactly similar conductor to the existing 
two-conductor one-phase line, and working three-phase with the 
same voltage between lines. There will then be three conductors 
of the same size arranged at the corners of an equilateral triangle, 
their distance apart being the same as before. When transmitting 
1,000 kW with 6,600 V between the one-phase wires, the total line 
impedance drop was 10 per cent. Calculate the power that can be 
transmitted when working three-phase with the same voltage drop 
(i.e. the voltage at the loe^ is to be the same in both cases). 

(CO) 

46. Two transformers of equal rating share a load of 180 kW at 
0*9 power faetor, the current lagging. 

At full load the fall of voltage due to resistance in the first trans¬ 
former is 1 per cent of the normal terminal voltage, and that due to 
reactance 6 per cent. The corresponding figures for the second 
transformer are 2 per tJent and 5 per cent respectively. 

Find the load in kW on each transformer. (LU) 

47. Two transformers. A, B, are connected in parallel to supply 
a load having a resistance of 2Q and a reactance of 1*5 D. The 
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equivalent resistances referred to the secondary windings are (A) 
0*16 O, (B) 0*1 O, and the equivalent reactances are {A) 0*6 O, and 
{B) 0*6 0. If the open-circuit e.m.f.s are (A) 207 V, (B) 205 V, 
calculate (1) the voltage at the load, (2) the power supplied to the 
load, (3) the kVA output of each transformer, (4) the phase differ¬ 
ence between the e.m.f. and current in each transformer. 

48. Two t ransformers, A and R, which are working in parallel have 
equivalent impedances (referred to the secondary) expressed thus— 

Impedance of A =0*1 + ^1. 

Impedance of B = 0*138 -|- ^1*5. 

The impedance of the load circuit is 2 + ^0*8, and the open-cir¬ 
cuit e.m.f.s of the secondary windings A, B are in the ratio 100: 99. 

Calculate the reactance which, when connected to the secondary 
of R, will make A deliver twice as much current as R. {LU) 



PART II 

ELECTRIC TRACTION 


SECTION I 

TRACTION MOTORS 

(DIRECT CURRENT AND ALTERNATING CURRENT) 


Torque-current characteristics of direct-current motors. The 

torque is given by 

S' = (p/a)<D/2/852 /><l> . /iV/426 . . (23) 

or S'// = (pN/426)0.(24) 

where S' is the gross torque (in lb.-ft.), p the number of poles, 
a the number of circuits in the armature winding, <!> the flux 
per pole (in megalines), / the current input to the armature, 
z the number of active armature conductors, N (= ^z/a) the 
number of turns per armature circuit. 

Speed-current and speed-torque characteristics of direct- 
current motors. The fundamental equation for the e.m.f. 
generated in the armature is 


whence 


or 


V - in = (n/60)(p/a) z(P X lO'S 

_ 6000 (F- IR) _ 3000 (V - IR) 
z pla ” pN<P 

SOOO {V-IR) ^^^(V-IR) 
426?"// -7 05 ;,/j 


(25) 

(26) 


where n is the speed in revolutions per minute, V the voltage 
at the terminals of the motor, R the resistance of the main 
circuit of the motor, and /, p, a, z, N, q) have the same signifi¬ 
cance as above. 

Conversion of armature speed and torque into train speed 
and tractive effort. The train speed m.p.h., corresponding 
to an armature speed n r.p.m., a gear ratio y, and driving 
wheels D inches diameter is 

S -= (nl)/y)(S0v:/(\2 X 5280) 0•00297 . (27) 

The tractive effort F (lb.) corresponding to an armature 

21 
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gross torque S’ (Ib.-ft.) and the above gear ratio and wheel 
diameter is 

P = 24 (28) 

where is the “mechanical” efficiency of the motor and 
gearing, i.e. 100 (1 - represents the percentage mechanical 
and core losses (comprising friction, windage, gear and core 
losses). 

If the gear ratio and wheel diameter are changed to y' and 
D' respectively, the new speed (S') and tractive effort (F') are 

S' = S(yD'/y'D) .(29) 

F' = Fiy'DIyD') .(30) 


Note. The friction and gear losses are assumed to be un¬ 
affected by the change of gear ratio. 

Division of load between motors driving uncoupled wheels. 

(a) Motors operating in parallel. With similar speed-current 
and torque-current characteristics calculated for normal 
wheels (D), the current inputs to motors A, R, driving wheels 
of unequal diameters (Dj^, Rd) at a given train speed (S), are 
given by points on the normal speed-cun^ent curve corre¬ 
sponding to the speeds SDID^, SDIDj^ respectively. The trac¬ 
tive efforts are obtained from the points on the normal trac¬ 
tive-effort/current curve corresponding to these currents, but 
multiplied by the ratio of wheel diameters, i.e. DjD^ for motor 
A, R/2 >b for motor B. 

(h) Motors operating in series. With two similar direct- 
current motors the terminal voltages corresponding to a cur¬ 
rent I are 


Fa - 


V-IR 


+ 


IR 


1 + Ra/Rb ^ 1 + Rb/Ra 


(31) 


V 


B 


V~1R 
1 + Rb/Ra 


+ 


IR 

1 + R,/Rb • 


(32) 


where B denotes the resistance of each motor. 

If S is the train speed corresponding to a current 1 at normal 
voltage V and with normal wheels R, the actual train speed 
is 


S' = R[(Fa - IR)I(V - IB)]DJD 

= R[(Fb ~ IR)/(V - /R)]Rb/R . . . (33) 


Testing. Correction of resistances to standard hoi machine 
temperature. For standard annealed copper conductors, the 
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ratio of the resistances of a given winding at tempera¬ 

tures 0^ respectively is 

-B 1 /R 2 “ (234'o *-f~ ^i)/(234*o -f- 0^) • • (^4) 

for the Centigrade scale, and 

= (390 + 0i)/(39O + 0*) . . . (35) 

for the Fahrenheit scale. 

Hence, if R^ is the measured resistance at a temperature 
di° C., the resistance corrected to the standard hot machine 
temperature (75"" C.) is 

R 2 = 72i[309-5/(234*5 + Oj] . . . (36) 

Efficiency testa (direct-current machines). When two similar 
machines are tested together and a rheostat load is employed 



for the generator. Pig. 4, the efficiency of the motor (deter¬ 
mined by the input-output method) is 

r; - 1 - (0-5/F,)[(Fo + I.R,) - + hR^)] . (37) 

where Fq = “total” (i.e. motor + generator field) voltage; 
Fi — motor terminal voltage; F 2 = generator armature ter¬ 
minal voltage; /i, I 2 = motor and generator currents; 

R 2 = resistances of motor and generator armatures respec¬ 
tively (including brushes). 

With the loading-back method (Fig. 5) the efficiency is 
determined preferably from the motor input and the total 
losses (as given by the input from the supply system and the 
outputs from the boosters). Thus 

^ = 1 0-5(Fo/ + F 3/2 + h^R, - WVFi/i (38) 

where Fa = terminal voltage of “load” booster, I = current 
input from supply system, and the other symbols have the 
same significance as above. 

3 ~( 5186 ) 
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Correciion of speed. Let R denote the resistance of tlie arma¬ 
ture and field windings at a temperature of TS'" C., Ri the 
resistances during the test, rii the test speed, and n the cor¬ 
rected speed, both corresponding to a current I, If the ter¬ 
minal voltage during the test lias been held at its normal 
value Fi, then 

njn = (F, - IR,)I(V^ - IR) 

whence n IR)l(Vi-IR^) . . . (39) 

If the speed has been determined at a voltage (F'l) other 
than normal, then 

n = ni(Fi - IR)I(V\ - IR^) . . . (39a) 

Tractive effort. The tractive effort (F lb.) is calculated from 
the input (Fj, Ii) efficiency with gearing (t]) and armature 
speed (n r.p.m.). Thus 

^ V^htjy 12 X 33,000 169 V,hriy 

^ - nD ^ 74671 ~ nD ‘ 

Alternatively, if S is the train speed (m.p.h.) corresponding 
to n, D, y 

F = 0-5 VJ^rj/S .(41) 

Torque-current characteristics of single-phase series motors. 

When the flux is in phase with the current, and both follow 
sine laws, the mean torque is given by 

= (p/a)(<!>JV2)Iz/S62 = p(<PJV2)INI^2Q . (42) 

where is the maximum or crest value of the flux, I the 
r.m.s. value of the current and the other symbols have the 
same significance as in the direct-current case. 

Speed-current characteristics of single-phase series motors. 
The e.m.f. generated in the armature winding by its rotation 
in the main flux (called the dynamic e.m.f.) is given by 

E = p(q)^/V2)iVn/3000 . , . . (43) 

whence n = 3000i^/(piVO^/V2) . . . . (44) 

The dynamic e.m.f. is determined from the vector diagram 
of the motor, the simplest of which is shown in Pig. 0. This 
vector diagram refers to the case where the flux is in phase 
with the current. The internal e.m.f.s in the motor circuit 
are: (1) the dynamic e.m.f. (OE^ Pig. 6), (2) the e.m.f.s due 
to the impedances of the windings (of which the in-phase 
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components are represented by ED and the quadrature com¬ 
ponents by DF), Hence, if V denotes the terminal voltage; 
cos <p the power factor at this voltage, and a current I ; and 
R, X, the equivalent resistance* and reactance respectively 
of the motor at this current, we have 

= F cos ^ - R/ = - RI 

= y/\.V^-(y sXntpn-^RI . (45) 

cos q> = (E + RI)IV . . . (46) 

Polyphase induction motors. The funda¬ 
mental equations for the speed, torque, and 
output are 

(1) Speed 

M = nj(l-») =/(l-«)/4 p . (47) 

(2) Rotor current 

/, = sEJVW + • ( 48 ) 

Fio. 6. Simplified 

(3) Rotor power factor Vector Diagram 

cos 0 ), = RJV{Ri‘ + . (49) Single-phase 

Motor 

(4) Torque 

S' = Xd)/, cos (pi = K(b8E^RJ(R^ + 8^X^) (50) 

(5) Power input to rotor 

Pg =cos 9^2.(SI) 

(6) Mechanical output 

= (1 - = (1 - «)Pg/i cos . . (52) 

(7) Rotor PP loss 

Pr == sE^I^ cos 9 ^ 2 (= Pg — P^j == sPg) • • (^3) 

where n is the speed of the rotor in revs, per sec. (= //^p), 
rig the synchronous speed of the revolving field in revs, per 
sec., / the frequency of the supply current, p the number of 

* The equivalent resistance, /?, is such that the in-phase voltage com¬ 
ponent, ./?/, includes not only the appropriate voltage drops due to the 
actual resistances, but also the equivalent voltage drop corresponding to 
additional J*i? losses due to eddy currents and circulating currents, 
together with the in-phase voltage component corresponding to the stator 
core loss at the current I, 
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poles, 8 the slip (= - n)ln^), S' the gross torque, O the flux 

per pole, the e.m.f. induced in the rotor at standstill, 
the current in the rotor, (p^ the phase difference between 
e.m.f. and current in rotor, the resistance per phase of the 
rotor, Aj the reactance per phase of the rotor at standstill, 
and K a constant. 

Predetermination of performance of polyphase induction 
motor. A close approximation to the performance of the 



motor may be obtained from the circle diagram (general vec¬ 
tor diagram) for the motor. This diagram (Fig. 7) may be 
drawn from a knowledge of the no-load and short-circuit cur¬ 
rents and power factors of the motor together with the resis¬ 
tances of the windings. Thus, taking the vector of the terminal 
voltage, OE, as the vector of reference, the vectors of the no- 
load and short-circuit line currents at normal voltage are set 
off as 01 Q and 07, respectively. The centre of the circle, Q, 
is determined as follows: Join /o/^, bisect and draw a per¬ 
pendicular PQ. From 7^ draw a parallel to OJK, intercepting 
07, at A. Bisect I^A and draw BQ at right angles to cut 
PQ at Q, which is the centre of the circle, the circumference 
of which passes through the no-load and short-circuit points 
Iq and Ig respectively. A vector, such as 07, drawn from O 
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to any point I on the circumference of the circle represents the 
stator current in magnitude and phase. The datum lines for 
the power input and the power output are OX (the horizontal 
axis) and I (the line joining the no-load and short-circuit 
points). The ordinate IC represents the power input, and the 
portion ID the power output. Therefore the losses for the 
current input 01 are represented by DC, of which the “no- 
load” losses (i.e. core loss, friction, and windage) are repre¬ 
sented by iVC, and the PR losses by DN, If the core loss is 
known the vector of the current input at synchronous speed 
may be determined. Thus, if CF represents the core loss, the 
horizontal line drawn through F will cut the circumference at 
7^^, and therefore represents the cmTent input at syn¬ 

chronous speed. The point also corresponds to zero torque, 
and the torque datum line must pass through this point. 
Another point on the torque datum line is obtained as follows: 
The ordinate I/x at the short-circuit point is divided at H, 
such that I\ HGw stator PR loss at short circuit: rotor 
PR loss at short circuit. Join OH and produce so as to cut 
the circumference at K. Then OK represents the current input 
when the slip is infinitely great and the torque is zero. Hence, 
IqoK is the torque datum line. The torque at the current I 
is represented by the portion IL of the ordinate IC, 

The slip scale is constructed on a line I drawn from /, 
parallel to the torque datum line, the zero mark being at the 
point where the tangent at 1^^ cuts this line, and the 100 mark 
at /g. The per cent slip corresponding to the current input 
I is given by the scale reading at which the line ^ 
slip scale. 

Operation of polyphase induction motor as generator. An 

induction motor connected to a supply system and driven 
mechanically at speeds above synchronism (i.e. the slip is 
negative) operates as a generator, the power (within the hmit 
of the maximum output) increasing as the slip increases. The 
frequency is determined by the supply system to which the 
induction machine is connected and whicli supplies the mag¬ 
netizing current. The performance as generator may be pre¬ 
determined from the circle diagram constructed from the no- 
load and short-circuit cmrents of the machine operating as a 
motor. The portion of the circumference below the point 
(synchronous speed) and the horizontal axis OX is the lociis 
of the stator current vector; the horizontal axis is the output 
datum line; the line K is the torque datum line; and the 
line Iq is the input datum line. The shp scale is extended 
to the left of the zero point, and the slip is given by the scale 
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reading at which the line, produced, joining and the ex¬ 
tremity of the current vector 01 ^ cuts the slip scale. 

Cascaded motors. When two motors are operating in cas¬ 
cade (i.e. the stator of one motor is supplied with energy at 
the slip frequency of the other motor, and the two motors are 
mechanically coupled so as to rotate at the same speed) the 
cascade synchronous speed (n^, revs, per sec.) is 

=//i(Pi + Pi).(^4) 

where / is the supply frequency and pi, pj the numbem of 
poles of the motors. 

The ratio of the mechanical outputs of the cascaded motors 
when nmning at a speed n is given approximately (losses in 
the motors being ignored) by 

Pu'IPyi" = nj{n^ ~ n) = pi/(pa + «aPi) • • (55) 

where S 3 is the slip of the second motor. 

Worked Examples. 1. A 00-h.p.. 500-V trolley-bus motor 
has the following characteristics at normal voltage, full field— 


Amperes .... 

1 

60 

80 

100 

120 

140 

Speed fm.p.h.) 

17*8 

151 

13-35 

121 

11-2 

Tractive effort (lb.) 

700 

1,130 

1,610 

2,100 

i 

2,620 


Deduce the characteristics when the motor is operating 
with the field winding shunted 25 per cent. Resistance of 
motor = 0-30. 

Solution. The magnetization characteristic is calculated from 
the internal e.m.f. and speed. Thus 

iC<D = (F-//?)/n 

When the motor is operating with shunted field winding the 
excitation corresponding to a given armature current (/) is 0‘76/, 
and the speed S' (m.p.h.) is given by 

S' ^ S(V- IR')K(bl (V - 1R)K(1>' 

where < 8 , O, R denote the speed, flux, and motor resistance respec¬ 
tively for full-field operation, and <[>', R' the flux and motor resis¬ 
tance for shunted-field operation. 

In the majority of ceises the value of F ~ IR' is within 1 per cent 
of F - IRy so that approximately 

S' - S(K<PIK<!>') 
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Hence for full-field operation we have— 


Armature amperes (I) 

60 

80 

100 

120 

140 

Counter-e.m.l. (= 500 - 0-37) . 

482 

476 

470 

464 

458 

Speed (S) (mp.h.) . 

(500 - 0-3/)/51 . 

17-8 

151 

13-35 

121 

11-2 

271 

31-5 

352 

38*3 

400 


For shunted-field operation we have— 


Armature amperes (I) 

60 

80 

100 

120 

140 

Field amperes (*= 0*757) . 

45 

60 

76 

90 

105 

KQ' . 

21*5 

27-1 


33*5 

36*1 

Counter-e.m.f. (=* 500 - 0*37) . 

482 

476 


464 

458 

Speed (- SKO/KO ) (m.p.h.). 

22*4 

17*55 

15*4 

13*8 

12*7 

Tractive effort (lb.)* 

656 

972 

1,395 

1,840 

2,310 


• Tractive effort with shunted field = (K^'IK^) tractive effort with full field. 


2. A railway motor has the following characteristics— 


Current (amp.) 

50 


150 

200 

Speed (m.p.h.) 

46 

30 

25*7 

23*3 

Tractive effort (Ib.) . 

300 


1,860 

2,670 


Give the approximate speeds and tractive efforts for the 
same currents when 47 per cent of the main field windings are 
cut out. 


Solution. The approximate magnetization characteristic for the 
full field winding is given by the current tractive effort per ampere 
curve. Thus— 


Current (amp.) 

50 

100 

150 

200 

Trac. effort per amp. (= if 0) , 

6 

10*5 

12*4 

13*35 


When these values are plotted we can obtain the values of XO 
for the tapped-field winding and the above armature currents. The 
new values of the tractive effort are obtained by multiplying the 
appropriate values of by the corresponding armature currents. 
Thus— 


Armature current (7) (amp.) 

50 

100 

150 

200 

Equivalent excitation (= 0*537) 

26*5 

53 

79*5 

106 

Trac. effort per amp. (= iCOi). 
Tractive effort (= (lb.) . 

8*3 

6*4 

9 

10*8 

165 

640 

1,350 

2,016 


As no values for the resistances of the armature and field windings 
are given, the speeds, corresponding to a given armature current, 
with full field and tapped field may be considered to be proportional 
to the inverse ratio of the fluxes, i.e. 

Speed (full field)/ speed (tapped field) = 
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Hence the approximate characteristics for tapped-field operation 
are— 


Current Input (amp.) 

50 

100 

150 

200 

Speed (ra.p.h.) 

83-6 

49-2 

35-4 

28-8 

Tractive effort (lb.) . 

165 

640 

1,350 

2,016 


3. The characteristics of a single-phase series railway motor 
at 287 V, 16f cycles, are as follow— 


Anu>ere3 .... 

800 

1,200 

1,600 

2,000 

Speed (r.p.m.) 

700 

500 

410 

350 

Torque (kg.-m) 

280 

560 

860 

1,160 

Power factor .... 

0-96 

0-932 

0-9 

0-87 


Determine the characteristics for 380 V, 16| cycles. The 
equivalent resistance of the motor is 0 012 O . 


Solution. The speed corresponding to a given current is propor¬ 
tional to the dynamic e.ni.f. generated in the armature, i.e. for a 
current /, n,/n 2 = If (p 2 denote the corre¬ 

sponding terminal voltages and power factors, 

E^ = Fi cos (p^ - /?/ = V( 1^1- - - El 

= V., cos (f.-RI = Vi - A2/^) - RI 

where /?, X denote the equivalent resistance and reactance respec¬ 
tively of the motor. Now XI ~ Fj sin (pi ~ Fj sin 


Hence carrying out the calculations in tabular fonn we have— 


Amperes (/) . 

800 

1,200 

1,600 

2,000 

Cos <p . 

0-96 

0-932 

0-9 

0-87 

Sin 0 ? .... . 

()'28 

0-362 

0-436 

0-492 

RI ^ . 

9 6 

1 1-4 

19-2 

24 

287 sin (pi ^ XI) 

80-1 

104 

125 

141 

- VCi87*-V2/2)-//A 

266 

2.53 

239 

226 

\ (380* - X*/*) ~/e/ 

362 

.351 

340 

328 

Speed at 380 V (r.p.rn.) 

9.50 

692 

583 

508 

Cos (p at 380 V (‘^.o) 

97-8 

96-2 

94-6 

92-7 

Torque (k",-m.) 

280 

560 

860 

1,160 


EXAMPLES II 


traction motors 

1. The relationship between the current and gross torque of a 
series motor—determined by a static test—is as follows— 


Current (amp.) . . . 1 

10 

1 

20 j 

30 

40 

50 

60 

70 

Torque (Ib.-ft.) . 

33 

95 

170 

258 

346 

450 

565 
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Deduce the speed curve of the motor when supplied at a constant 
voltage of 500 V, resistance of main circuit of motor = 0-5 Q. 

2. The magnetization curve of a four-pole series traction motor 
—determined by separately exciting the field winding, and con¬ 
necting a voltmeter across the brushes and driving the armature 
at a constant speed of 600 r.p.m.—is as follows— 


Fii'lfl ampercB 

50 

100 

150 

200 

250 

300 

Armature volts . 

240 

380 

446 

488 

522 

550 


Determine the speed-torque curve for this motor when operating 
at a constant voltage of 600, having given that the armature has 
a two-circuit winding with 97 turns per circuit, the resistance of the 
armature winding and brushes is 0-06 D, and the resistance of the 
field windings is 0-05 D. 

3. The magnetization curve of a d.c. four-pole series motor, with 
two-circuit annature winding, was obtained by separately exciting 
the field winding and loading the armature to take the same cur¬ 
rents, the speed being maintained constant at 750 r.p.m. The results 
were— 


Fiekl amperes . 

i 10 

20 

30 

40 

50 

60 

70 

Armature volts . 

! 

295 

375 

425 

460 

485 

j 

505 


Determine the torque-speed curve for this motor, over the above 
range of loading, on a line p.d. of 550 V, having given that the total 
number of conductors on the armature is 660; the resistance of the 
armature is 0-28 Q, and that of the field coils is 0-292 D. 

4. A 500-V, four-pole, wave-wound, d.c. series motor has the 
following magnetic characteristics— 


Amperes 

20 

40 

60 

80 

Flux per polo (moKaliiios) . 

1-5 

2-3-25 

1 

2-8 

3-05 


The gross torque-speed variation of the load is as follows— 


U.p.m. .... 

300 

400 

500 

600 

700 

800 

Torque (lb.-ft.) . 

96 

148 

208 

283 

375 

480 


The total motor resistance is 0-3 D, and the total number of 
armature conductors is 984. 

Find the speed at which the motor will run with this load. 

(lEE) 
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5. A 500 V series motor h6i8 a resistance of 1*36 0 and runs at 
a speed of 500 r.p.m. when taking a current of 23 A. The mag¬ 
netization curve is €ts follows— 


Flux per pole (per cent) 

32 

57 

74 

85 

04 

100 

104 

Current (amp.) . 

4 

8 

12 

16 

20 

24 

28 


Draw the speed-current curve for this motor, and from it derive 
the speed-current curve when the field coils have a 50 per cent 
tapping for speed control. (Cf?) 

6. A motor has characteristics as follow— 


Amperes 

300 

250 

200 

150 

100 

Tractive effort (lb.) 

3,250 

2,500 

1,780 

1,100 

500 


Deduce the corresponding characteristics for the motor with one- 
third of its exciting field cut out. (lEE) 

7. The field winding of a series motor for a commercial electric 
(battery) vehicle is arranged in two equal portions for connection 
either in series or in parallel. When connected in series the char¬ 
acteristics of the motor at a terminal pressure of 80 V are €is follow— 


Current (amp.) 

20 

30 

40 

50 

Speed (r.p.m.) . . . 1 

1,000 

800 

690 

625 

Torque (lb.-ft.) 

10 

18 

26*5 

36-5 


Determine the characteristics when the two halves of the field 
winding are connected in parallel. Resistance of armature = 
0133 Q. Resistance of field winding (series connection) == 0*107 Q. 

8 . The following figures refer to the speed/current and tractive- 
effort/current characteristics of a d.c. series railway motor— 


Current (amp.) . 

100 

150 

200 

250 

300 

400 

Tractive effort (lb.) . 

1,050 

2,100 

3,200 

4,260 

6,350 

7,500 

Speed (m.p.h.) . 

32 

25 5 

22-5 

20-5 

19 

18 


Derive corresponding approximate curves when 50 per cent field 
weakening is obtained by halving the field current. Neglect any 
change in efficiency, (lEE) 

9. The following characteristics refer to a locomotive motor 
operating at full field, 1,350 V. 


Current (amp.) 

700 

600 

600 

400 

800 

Armature speed (r.p.m.) . 

463 

488 

626 

582 

680 

Torque at shaft (kjf.-m.) . 

1,865 

1,536 

1,208 

880 

673 


Calculate the approximate characteristics when operating with 
(a) 78 per cent, (b) 61 per cent of the field winding in circuit. Resis¬ 
tance of motor 0*167 tl. 
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10. The speed-current characteristics of a tramway motor at 
normal voltage (625 V) are— 


Current (amp.) 

160 

120 

80 

40 

Speed (m.p.h.) 

11-5 

12-9 

15-6 

23 5 


A tramcar is equipped with two of these motors. Calculate the 
speed-current characteristic when the motors are operating in series 
at normal line voltage. Resistance of each motor ~ 0*42 O. 

11. The controller for the tramway motors in the preceding 
example (10) has four series steps, and the resistances of the sec¬ 
tions of the rheostats for these steps are 

R^~-R^ = 2-47 Q, R^-R^= 1*93 0, R^-^R^= 1*5 0. 

Calculate the speed-current characteristics for each of the series 
steps and for a line voltage of 625. 

12. A tramcar is equipped with two motors which are operating 
in parallel, and are supplied at a constant voltage of 625 V. Deter¬ 
mine the current input when the car is running at a steady speed 
of 24 m.p.h., and each motor is developing a tractive effort of 
360 lb. The resistance of each motor is 0*42 Q, and the motor 
friction, axle friction, windage and gear losses per motor at a car 
speed of 24 m.p.h. total 2,890 watte. 

13. A four-pole d.c. series motor has the following character¬ 
istics— 


Exciting current (amp.) 

25 

35 

45 

65 

65 

75 

Flux per pole (megalines) 

1 

1-7 

213 

2-45 

2*7 

2*9 

1 

3*05 


It is direct-coupled to a fan, and when supplied at 500 V the 
speed, with the four field coils connected in series, is 670 r.p.m., the 
current being 36 A. 

Find by a graphical method the current taken and the speed 
when the field coils are rearranged in two parallel groups eewih of 
two coils in series. 

Assume that the power taken by the fan is proportional to the 
cube of the speed, that the iron loss in the motor remains unchanged 
at 660 W, and that the motor friction is 800 W at 670 r.p.m., and 
is proportional to the speed. Resistances; armature 0*4 0, each 
field coil 0*1 a (LU) 

14. A 500 V tramcar motor has an efficiency of 88 per cent when 
running with full field at 660 r.p.m., and developing a torque at the 
pinion of 180 lb.-ft. Determine the percentage weakening of the 
field to give a speed of 750 r.p.m. and a torque of 200 lb.-ft., the 
efficiency under these conditions being 88*2 per cent. The resis¬ 
tances of the armature and field windings are 0*2 Q and 0*3 Q 
respectively, and the combined friction, windage, and core losses 
may be assumed to be proportional to the speed. 
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15. A two-axle tramcar is equipped with two standard d.c. series 
motors. If the wheels on one axle wear much quicker than those on 
the other axle, how would the motors share the load (a) in series, 
(6) in parallel? 

If, in addition, the motor driving the smaller wheels had a speed 
characteristic slightly higher than that of the other motor, how 
would this affect the sharing of the load ? State full reasons for the 
answers given. (lEE) 

16. A motor-coach is equipped with two motors, each having the 
following characteristics at 550 V when geared to 36 in. wheels, the 
gear ratio being 3-37— 


Ainpenvs .... 

* 350 

1 

300 i 

250 

1 

200 1 

150 

Speed (m.p.h.) 

Tractive effort (lb.) 

17 5 

18-7 

201 

22-9 1 

27-5 

4,850 

3,940 ! 

1 

3,030 

2,140 

1,.320 


The wheels of one axle (A) of the motor truck of this coach are 
35 in. in diameter, and those of the other axle (B) are 33J in. in 
diameter. Determine, when the motors are operating in parallel at 
normal line voltage, the current input to each and the tractive effort 
at a train speed of 19 m.p.h. (BP) 

17. If the motors of the preceding example (16) are operating in 
series and the current is 300 A, what is the train speed and the 
voltage across each motor? Resistance of each motor 0*09 £1. 

18. The following motor characteristic is based on a wheel dia¬ 
meter of 36 in.— 


Current (ami).) 

80 

100 

240 

320 

400 

Tractive effort (lb.) 

400 

1,3.50 

2,470 

3,700 

4,950 

Speed (m.p.h.) 

53 

34-5 

28-8 

25-5 

23-2 


A motor bogie is fitted with two of these motors, one pair of 
wheels being 36 in. in diameter, and the other pair 35 in. The motors 
are operated on the series-parallel system. Suppose the tractive 
effort at the 36 in. wheels is 3,000 lb., what will bo the current and 
tractive effort of the other motor (n) in full series, and (6) in full 
parallel. (lEE) 

19. A motor-coach is equipped with two motors, each having the 
following characteristics at 550 V when the driving wheels are 36 in. 
in diameter— 


Arai>cres .... 

3.50 

300 

250 

200 

150 

Speed (m.p.h.) 

17-5 

18-7 

201 

22-9 

27-5 

Tractive effort (lb.) 

4,850 

3,940 

3,030 1 

2,140 

1,320 


The wheels of one axle (A) of the motor truck of this coach are 
35 in. in diameter, and those of the other axle (J5) are 33 in. in 
diameter. Determine, when the motors are operating in parallel at 
normal line voltage, the current inputs to each and the tractive 
efforts at train speeds of 18, 21, 25 m.p.h. 



EXAMPLES IN ELECTRIC TRACTION 


35 


20. The motor-coach of an electric train is equipped with two 
geared motors, having characteristics at 775 V and for 42 in. 
driving wheels, as follows— 


Amperes input per motor . 

250 

200 

150 

100 

Speed of car (rn.p.h.) 

Tractive effort (lb.) . 

20*2 

22 

24-7 

32*2 

4,200 

3,100 

2,065 

1,005 

Efficiency (per cent) 

87*5 

88 

87*7 

83*5 


The diameters of the driving wheels connected to one motor (A) 
are 42 in., and those connected to the other motor (B) 40 in. When 
the motors are operating in parallel at a train speed of 24 rn.p.h., 
determine (a) the power input to each motor, (6) the tractive effort, 
and (c) output at each pair of driving wheels. 

Determine also for series operation ancl a current input of 150 A 
(d) the power input to each motor, (e) the train speed. {BP) 

21. The cold resistance of the armature winding of a traction 

motor is 0*04885 D at C. The resistance at the end of the one- 
hour test is 0*0708 Q, the air temperature being 15° C. What is the 
rise in temperature of the armature winding ? Tlie resistance coeffi¬ 
cient is 1/234*5 at 0° C. {lEE) 

22. (a) The cold resistance of the field windings of a motor is 
0*045 Q at an air temperature of 15° C. What would be the resis¬ 
tance for a temperatm*e rise of 80° C. measured when the air tem¬ 
perature is 20° C. ? The resistance coefficient is 1/234*5 at 0° C. 

(6) If there is an error of 5 per cent in the cold resistance, what 
would be the corresponding error in the hot resistance ? {lEE) 

23. The cold resistance of the main fields of a motor is 0*0431 U, 
measured at an air temperature of 12° C., and the hot resistance is 
0*0526 Q measured at an air temperature of 7° C. What is the 
temperature rise? The resistance coefficient is 1/234*5 at 0° C. 

{lEE) 

24. A motor has the following characteristics— 


Current (amp.) 

50 

100 

150 

200 

250 

Speed (rn.p.h.) 

Tractive effort (lb.) 

46 

30 

25-7 

23*3 

22 

300 

1,050 

1,860 

2,670 

3,500 


The size of the car wheel is 40 in., and the gear ratio is 72 : 23. 
The car wheel is changed to 42 in., and the gear ratio to 75 : 20. 
Give the new characteristics. (lEE) 

25. The following observations were taken on a pair of similar 
railway motors during a test, with gears, on a stand, one machine 
being operated as a motor and the other as a separately-excited 
generator, its field winding being connected in the motor circuit— 


Motor volts ....... 600 

Motor (and generator field) amperes . . . 275 

Generator armature amperes .... 232 

Generator armature volt.s ..... 625 

Generator field volts.20-2 

Armature speed (r.p.m.).600 
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The resistances of the machines, 

cold (20® C.) and hot 

(detei’inined 

immediately after the test), aro — 




Cold 

Hot 


Motor armature 

. 005 

00676 

Ohm 

Motor field ... 

. 0057 

0073 


Generator armature . 

. 005 

0066 


Brushes .... 

. 001 

001 

- 

Calculate the efficiency, train 

Speed, 

and tractive 

effort for a 


line voltage of 600 V, when the temperature of the windings of the 
motor is 75® C., the gear ratio being 3*5 : 1 and the diameter of 
driving wheel being 42 in. 

26. The airgap under the pole face of a single-phase series motor 

is 0*06 in. in length, and has an effective area of 80 sq. in. The 
exciting winding has five turns and a resistance of 0*005 O. Assum¬ 
ing the reluctance of the iron portions of the magnetic circuit to 
be one-fifth of the reluctance of the airgap, calculate the voltage at 
the terminals of the exciting winding when a current of 150 A at 
25 cycles is passing. (CG) 

27. Find the terminal e.m.f. and power factor at full load of a 
single-phase series motor when operating at a frequency of 25 
cycles per second. The motor has 8 poles with a flux of 2 mega¬ 
lines per pole. Other data are as follow: total field turns = 20; 
ratio of total etrmature ampere turns to total field ampere turns 
= 2; speed at full locwi = 600 r.p.m.; full load current = 600 A; 
iron loss at full load == 1,800 W; resistance of field windings =* 
0*004 Q; leakage reactance — 0*01 (I; armature and bnish resis¬ 
tance = 0*003 H; armature reactance, 0*02 Q. 

28. Calculate the gross torque of the motor referred to in the 
preceding example (27). 

29. A single-phase series motor has characteristics at 380 V, 
16| cycles, as follow— 


Amperes .... 

1,000 

1,400 

1.800 1 

2,200 

8pe^ (r.p.m.) 

790 

628 

540 

490 

Torque (kg.-m.) 

420 

720 

1,010 1 

1,320 

Power factor (per cent) 

97 

95-4 

93-8 

92*2 


Deduce the approximate characteristics at 440 V. Equivalent 
resistance of motor = 0*012 Cl, 

30. The motor referred to in the preceding example (29) forma 
part of the equipment of a locomotive, the driving wheels being 
1,610 mm. in diameter and the gear ratio 2*57 .* 1. Determine the 
characteristics of the locomotive (per motor) at a motor voltage of 
380. The efficiency of the motor including gear losses is— 


Amperes .... 

1,000 

1,400 

1,800 

2,200 

Efficiency (per cent) 

84*5 

85*5 

85*6 

84*8 
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31. A single-phase locomotive, equipped with two 16§ cycle com¬ 
pensated series motors, has the following speed characteristic when 
the voltage per motor is 400 V— 


Amperes per motor . 

j 1,000 

1,500 

2,000 

2,500 

Power factor (per cent) 

93*8 

90-8 

87-5 

85 

Speed (km.p.h.) . . . ! 

31 

25 

21-5 

19 


Determine the speed characteristic when the terminal voltage 
per motor is 225 V. The effective resistance of each motor is 
0 025 O. 

32. A single-phase locomotive with three individually-driven 
axles is equipped with motors having characteristics at normal 
voltage and 1,610 mm. wheels as follow— 


Amperes .... 

1,000 

1,400 

1,800 

i 

2,200 

SpeM (m.p.h.). 

68 

54-6 

47-4 

43-4 


The driving wheels on one axle (A) are 1,600 mm. in diameter, 
and those on the other axles (B, C) are 1,580 and 1,550 mm. respec¬ 
tively in diameter. What will be the current input to the respective 
motors when the locomotive is running at a speed of 50 m.p.h. ? 

33. The characteristics of a single-phase locomotive motor are 
as follow for a voltage of 400 and driving wheels of 1,070 mm. 
diameter— 


Amperes .... 

1,000 

1,500 

2,000 

2,500 

Speed (kraj;).h.) 

31 

25 

21*5 

19 

Tractive effort (kg.). 

3,600 

6,360 

9,300 

12,150 


A type C C locomotive is equipped with two of these motors. 
The coupled wheels driven by one motor (A) have a diameter of 
1,055 mm., and those driven by the other motor (B) have a diameter 
of 1,040 mm. Determine the tractive effort of the locomotive and 
the current input to each motor at a speed of 25 km.p.h. 

34. A three-phase, 1,200 h.p., 930 V, 45-cycle, locomotive-type 
induction motor has, at normal voltage and frequency, a no-load 
current of 300 A at 0*05 power factor, and a short-circuit current 
of 4,700 A at 0*09 power factor. The equivalent resistance per 
phase of the rotor is equal to that of the stator. 

Calculate (1) the full-load current, (2) the power factor and 
efficiency at full load, (3) the maximum torque, (4) the maximum 
output, (5) the maximum braking torque when operating as an 
asynchronous generator at normal voltage and frequency. 

35. A car, driven by a three-phase induction motor, ascends a 
gradient of 1 in 10 at a speed of 8 m.p.h. The frictional resistances 
are equivalent to a gradient of 1 in 50. The motor on no-load and 
normal voltage has a power factor of 0*15, and at standstill a power 
factor of 0*25. The standstill current is thirty times the no-load 
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current, and the current taken under the given conditions of run¬ 
ning is four times the no-load current. At what speed will the car 
run with the same current on a “down** gradient, and what is the 
value of this gradient? (I^^) 

36. Two locomotives, equipped with 16J-cycle, three-phase in¬ 

duction motors, are hauling a train. The rated output of each 
locomotive is 1,000 h.p., at which the slip is 4 per cent. One loco¬ 
motive has new wheels of 1-5 metres diameter, and the other has 
wheels with 1*5 cm. radial wear. Estimate the distribution of load 
between the locomotives when the track conditions demand total 
outputs of (a) 2,000 h.p., (6) 1,000 h.p., (c) 100 h.p. How could a 
more equal distribution bo obtained ? (lEE) 

37. An electric locomotive is equipped with a three-phase, six- 

pole, 1,000 h.p. induction motor, and a three-phase, eight-pole in¬ 
duction motor. They are controlled to operate singly, or with the 
eight-pole motor fed in cascade from the six-pole motor. (1) What 
economic running speeds are obtainable, and (2) what should be 
the rating of the eight-pole motor ? (3) When running in full cascade, 
what is the contribution of mechanical power from each motor? 
The supply frequency is 50. (lEE) 



SECTION II 

CONTROL 

Control of direct-current motors. Speed control is effected by 
series and parallel groupings of the motors together with in 
some cases, variation of the flux (which is effected by either 
shunting or tapping the field winding). Starting is effected by 
connecting external rheostats in series with the motors. 

The operating conditions at starting require the current per 
motor to vary within definite limits, and usually the initial 
current peak is lower than the succeeding peaks. 

Oradi^ of sections of starting rheostats for series combina¬ 
tion of motors. The fundamental equations based upon the 
circuit diagram of Pig. 8 (a), and the starting conditions 
represented in Fig. 8 (6), are 

= F//.(56) 

^ ^ _ V-IiRs _ _ V-2I,R^ 

(I), ~ F - - F ~ - • • • 

where Oi, O, are the fluxes corresponding to the currents 
Ilf /j respectively, F is the line voltage, n the number of 
sections in the rheostat (the number of steps or notches being 
71+ 1), and Rfy^ the resistance of each motor. 

All methods, whether analytical or graphical, of calculating 
the resistances of the sections of the rheostats are based upon 
these fundamental equations. Observe that the current limits 
/j, /j, together with the corresponding fluxes O, are in¬ 
volved, which necessitates a knowledge of the magnetization 
curve (or its equivalent) of the motor. 

Author's analytical method,* The fundamental equation (57) 
is rearranged in the form 

V/I,-Ri V/I,-R, • • • V/I,-R^ 

whence by cross multiplication and reduction the following 
equations are obtained, giving the resistances of the sections 
of the rheostat in terms of two grading coefficients, \iz, 

A[= (<I>i//i)/(<I>,//a)] and y(= IJIi). 


♦ SeeJourn, v. 60, p. 867; Electric Traction, p. 267, 
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4~(5I86) 
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Thus It, - /e, - 7?, j ^ J - r) -I' ( 1 - J) j • • (58a) 

R, - if, = MR, -R,) .(58fc) 

JRi- Ri = A(7?a -Rz) .(58c) 

etc. 

Note. Ri = Vjl ; C = A//. C takes into account the initial 
starting current, and is equal to unity when this current has 
the same value as the succeeding peaks. 



Fig. 8. Pertaining to Calculations op Starting 
Rheostats 


The coefficients A and y are inter-related by the general 
equation 



R, - 2R, 

or 



( ell 

R, 

\ V/I 


ly VC 




- A« 
A 


(59) 


e denoting the voltage drop in the motor portion of the cir¬ 
cuit (i.e. the two motors) corresponding to the current /. 

Families of curves, or a general chart, Fig. 9, can be prepared 
from equation (59) for given values of c/F and n. 

The evaluation of A and y for a particular case (i.e. for given 
values of c/F, n, I) involves determining a second relation¬ 
ship between A and y from data of the magnetization curve of 
the motor, and solving for A and y. The solution is obtained 
graphically by plotting the particular relationship on the general 
chart, and determining the point of intersection of this curve 
with the appropriate general curve as explained in the worked 
example on page 45. 
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AUernative analytical method.* In this method the general 
equation (57) is rearranged with all the terms on one side so 
as to equate to zero. Thus 


••/LI(dA/i ijS 1 -(<i>i//x)/(^,//.) 


R, 


+ = 0 . . . . (60) 


In a particular case F, /, /j, <l*i, R^ are given, and the rela¬ 
tionship between <P, and /, can be calculated from the mag¬ 
netization or speed curve. The value of 1^, which satisfies 
equation (60), is determined by trial, e.g, values are assumed 




~mr^ - 


B 


Fig. 10. Alternative Arrangements of Rheostats 
FOR Parallel Steps 


for /|, and the left-hand side of the equation is evaluated 
for each of these assumed values. The results are plotted 
against the assumed values of /„ and the value of the latter 
corresponding to the zero value of the equation is readily 
determined. 

Grading of rheostats for parallel combination of motors. 

Aidhor^s method.^ The fundamental equations for the resist¬ 
ances of the parallel steps, based upon the circuit diagram 
A of Fig. 10, the transition being effected at the current 
f,, and the lower limit of current being the same for both 
parallel and series steps, are 


. . . (transition step) . 

^ ^ip^tp _ ^ ^ip^tp 

^ - V-I,R,„ - V-I,R,„ 

V-hpRm 

- • • • - V-J,R„' 


(61) 


(62) 


* Based upon a method given by Dr. S. Parker Smith in Journ. I.E.E., 
68, p. 646. The symbols given in the original paper have been modified 
o agree with those employed in the present text, 
t Journ. I.E.E., v. 60, p, 878. 
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where /ij, is the upper limit of current for the parallel steps; 
Oip, the corresponding flux; circuit 

I'esistances (for each motor) on the several steps; n', the num¬ 
ber of steps. 

Equations (62) reduce to 

£ £» _ (1 + a)i.Yr,-\^p)-\a 

VI- (l+a)(l-A^) • • • 

where 

a = A^(l-A/')/(l -A^); = 7*//,^; - (d>,^//,^)/(Oa/7a); 

and e' is the voltage drop in the motor portion of the circuit 
(i.e. the voltage drop per motor) at the current 7. 

Families of curves (Fig. 11) can be plotted, for given values 
of e'/V and to give the general relationship between A^/y^ 
and y^. The particular values of A^ and y^, for a given case 
are determined by a process similar to that employed for the 
series steps. 

The resistances of the sections of the rheostat are given by 
the equations— 

A^{(7?,[1(1 +A^)-yJ/yf) + 7?^(l~A^)} . (64a) 
.(646) 

etc., etc. 


If, however, the upper limit of current is the same for both 
series and parallel steps, equations (01), (62) become respec¬ 
tively 

<Di/(D. = (F-/,/?,„)/(iF-/,/?,„) . . (65) 




( 66 ) 


Equations (66) reduce to 


‘ - (t^) (^ - 0 - 4 J = 7 1 ' - ’■K'') (»’) 


The resistances of the sections of the rheostat are given by 
Rip^Rtp — p ~~— i(I ■" ^p)A/y] + 7?^A(1 - Ap) (68a) 

Rtp~Rip ~ ^p(Rip~^ R2p) • . . . . (686) 

etc., etc. 


Control of single-phase series motors. Starting and speed 
control are both effected by applying definite voltages to the 
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motor. These voltages are obtained from tappings on the 
secondary winding of the transformer which supplies the motor. 

Calculation of the motor voltage steps for starting single¬ 
phase series motor. The method of calculating the voltage 
steps is based upon the vector diagram of Fig. 6 , the speed 
and e.m.f. equations (44), (45), and the starting conditions 
represented in Fig. 8 ( 6 ). The fundamental equations are 


+ X2) = 

- sin^^ (p^) 

__ 1^2 COS W - _ Fa co=; q)^' - 

^m 2 ~ cos (pi" - I^R ~ Fa cos (pi - I^R 
__ __ Vn COS (p\ - I^R 

“ * * ' ~ F,i.i cos (pn_^" - I^R 


(09) 


(70) 


whore I is the initial starting current; 1 2 the upper and lower 

limits respectively of current throughout the starting period; 
Fi, Fa, . . . F,j, the voltage steps; cos cos 9 ^ 2 ' • • • 
cos the power factors corresponding to the various vol¬ 
tages and the upper limit of current (/i); cos (pi\ cos 9^2 
. . . cos (Pn \ the power factors corresponding to the various 
voltages and the lower limit of current (/j); R the equivalent 
resistance of the motor (mean value for the currents /j and 
1 2 ); and X the reactance of the motor at the current /. 

The general equations (70) cannot be reduced to a simple 
equation—similar to (59)—involving A, y, 7 i, Fi, etc.* 
But if n and Fi (or I) are not confined to definite values, and 
together with the current limits are specified (which condi¬ 
tions will usually correspond to practical requirements, par¬ 
ticularly with locomotives), a simple solution may be obtained 
for the voltage steps. Thus, since = A/y, we have 

Fj cos (pi" — (y/A) F 2 cos (^ 2 ' - R/ 2 (l/A - 1 ) 

Fj cos 9 ?a'' = (y/A) F 3 cos tp 2 - i?/ 2 (l/A - 1) 

F„.i cos (Pn.i" = (y/A) F„ cos (Pn - Z?/a(l/A - 1 ) 

Now Fi cos 9 ?/ = VlVi^ - ( 1^1 sin (p^")'^] 

= V(F, 2 ~F,;-sin 2 9./); 

Fa cos (p^" = \/(IV - Vn sin* 

Fa cos <f 2 — sin* 99 ,/); etc. 

* Such an equation can be obtained, however, if tlie magnetization 
curve ia a straight line (i.o. if A/y = 1 * 0 ), but this assumption is not justifi¬ 
able with single-phase railway motors. 
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Whence 

= V {[y/W(Vn^ - sin* <P„') - Rh(l/x - 1 )]* 

+ . . . . (71) 

Fi = V {[y/A V(Fs* - F^* sin* <p^') - Rh{l/k - 1 )]* 

4 -F„* 8 in*^/} .... (71a) 

Worked Examples. (1) Calculate the resistances of the 
sections of the starting rheostat for the four series stops of 
a tramcar controller to be used with two 50 h.p., 525 V motors 
having characteristics, at 525 V, as follow— 


Amperes. 


105 

80 

70 

60 

Speed (m.p.li.). 

- 

13-7 

15-6 

1 

16-7 

18-2 


The initial starting current is to be 77 A, and the upper 
limit of current 105 A, The resistance of each motor is 0*45 Cl. 


Solution. We have f = /J/ = 105/77 = 1*36; voltage drop in 
the tivo motors at 77 A = 77 X 2 x 0-45 = 69-3 V. Whence e/F 
= 69-3/525 = 0-132. 

Next the particular relationship between A and A/y is calculated 
for a fixed upper limit of 105 A and lower limits of 80 A, 70 A, 60 A. 
The calculations are arranged in tabular form— 


1 ! ■ • 

105 

0-762 

80 

0-666 

70 

0-571 

60 

Voltage drop per motor . 

47-2 


36 


31-6 


27 

Internal e.m.f. (== F) 

477-8 


489 


493-5 


498 

Speed S) . 

lS-7 

1-112 

15-6 

1-18 

16-7 

1-275 

18-2 

{X/y-i)lC ■ 


0-0822 


0-132 


0-202 


A , . . . 


0-848 


0-787 


0-728 



Plotting these results on Fig. 9 we obtain the co-ordinates of the 
point of intersection with the interpolated curve for e/F = 0-132, 
n = 3, as A = 0-78, (A/y - 1 )/? = 0-142. Whence A/y = 1-193, y 
== 0-654, and /, = 68-6 A. 

Now Ri = 525/77 = 6-82 Q. 

Hence, substituting in equation ( 68 o) we have 

{[A(l/f - y)/y] -f (1 - 1/f)} = 6-82 x 0-362 
= 2-47 Q. 

and from equations (586), etc., 

= A(/?i - Ri) = 0-78 x 2-47 = 1-93 LI. 

Rt-Ri = A{i?,-i?,) = 0-78 X 1-93 = 1-5Q. 
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(2) Calculate the resistances of the sections of the starting 
rheostat for the four parallel steps of the controller to be 
used with the 50 h.p. tramway motors of the preceding ex¬ 
ample. Transition is effected at a current of 68 0 A, and the 
upper limit of current (per motor) is to be 105 A. 

Solution. In tramway controllers the parallel steps are arranged 
in accordance with the circuit diagram, R, of Fig. 10. Hence in 
determining the resistances of the sections we may calculate as for 
circuit diagram A —making use of equations (67), ( 68 a), etc.—and 
halve the values so obtained. Thus, from the preceding example, 
we have: = 6*82 0. A = 0*78. Xjy = M93, f = 1*36, e'/V = 

77 X 0*45/525 = 0*066. Substituting these values in equation (67), 
and noting that n' — 3, wo have 

rk [ ^ (Til j) (^" 0" =« 

Calculating the values of this expression for = 0*8, A^ == 0*85, 
Ap = 0*9—the corresponding values of being obtained from the 
preceding example—and plotting, the value of Ap which satisfies 
the equation is 0*868. Whence y = 0*798, A«/y„ = 1*088, == 

83*8 A. 

Hence substituting appropriate values in equations (64), and 
halving the values so obtained, we have 

^ip - ^2p == 0*376 D, 

= 0*327 Q, 

0*284 Q. 

(3) Calculate the voltage steps for starting a single-phase 
scries motor if the current limits are 1,600 A and 1,100 A 
(except the initial step), and the maximum voltage is 287 V. 
The speed and power factor at 287 V, 1,600 A, are 410 r.p.ih. 
and 0*9 respectively. The corresponding quantities for 1,100 A 
are 530 r.p.m. and 0*94. The equivalent resistance of the 
motor = 0*012 O. 

Solution. First calculate the constant terms in equations (71). 
Thus, F 2sin2(^„' = 15,625; F * sin* 9 ?/ = 9,545; y = 0 * 688 ; y/A 
= 0*853; A = 0*807; R/,(l/A- 1 ) = 3*46. 

Note. y/A = ~ where E 2 are the 

dynamic e.m.f.s calculated according to the method given on 
page 25. 

Hence substituting appropriate values in equations (71) and 
solving we obtain = 287 V; F_i -= 237*5 V; F_, = 195 V; 
F^_a- 158V; - 125 7 V. 

Now \/(X*/i* + R*/i*) = 126*2 V, which is approximately equal 
to the calculated value for F^. 4 . Hence with 126 V as the first 
step the initial starting current will reach the upper limit of 1,600 A. 
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EXAMPLES III 

CONTROL 

1. A car driven by two d.c. series motors is taking 58 A from a 

500 V line with the motors in full series. The motors are switched 
into parallel through a resistance; calculate the value of this resist¬ 
ance in order that the transition may be effected without shock. 
The total resistance of each motor is 0*5 Q (LI/) 

2. On a motor-coach there are two motors: the resistance of each 

motor is 0*15 0, the maximum permissible starting cun'ent per 
motor is 400 A, and the average current is 350 A. Assuming the 
voltage is constant at 600 V during starting, and that for the rang© 
considered the flux is proportional to the fourth root of the current, 
what are the values of the resistances required for the first and second 
notches in series ? (IEE) 

3. A motor-coach running on a 600 V supply is equipped with 
two 300 h.p., 600 V motors, which are controlled on the series- 
parallel system. The hot resistance of each is 0 08 (I. The current 
v€uries between 380 A and 510 A per motor during acceleration. 
The corresponding speeds, at 600 V, are 26*4 m.p.h. and 23*3 m.p.h. 
Determine the resistance required on the first two series notches. 

(lEE) 

4. On the motor-coach of example (2), transition from series to 
parallel is effected by the bridge method at a current of 300 A, and 
the current per motor rises to 400 A at the completion of the transi¬ 
tion. What is the value of the resistance of each motor circuit for 
the first notch in parallel ? 

5. What values of resistance are required on the first and second 
p6U*allel notches of the controller for the motor-coach of example (3), 
if the current limits for these notches are to be the same as those 
for the series notches, and the transition is effected at a speed of 
12*5 m.p.h. ? 

6 . It is desired to arrange for starting a certain locomotive and 

train so that the tractive effort is within given limits. At the 
upper hmit the speed of the locomotive with motors in full series is 
6*8 m.p.h., and the resistance drop in the motor is 12 per cent of 
its terminal voltage. At the lower limit the speed is 7*1 m.p.h., 
and the resistance drop 10 per cent of the terminal voltage. How 
many series notches are necessary in the control? (IEE) 

7. The controller for the commercial electric vehicle motor of 
example 7, page 32, has three rheostatic steps. Calculate the 
resistances of the sections of the starting rheostat to give an initial 
starting current of 50 A and current peaks of this value. The supply 
voltage is 80 V, and the resistance of the motor is 0*24 Q. 

8 . The controller for the trolley-btis motor, of which the char¬ 
acteristics ore given on page 28, has five rheostatic steps, one full- 
field step and one shunted-field step. Determine the resistances of 
the sections of the starting rheostat. The initial starting current is 
to be 120 A, and the succeeding current peaks 140 A. 

9. Calculate the resistances of the three series sections of the 
starting rheostats for two 40 h.p., 600 V tramway motors, each of 
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which has a resistance of 0*62 O. The current limits during start¬ 
ing are 90 A and 63 A, and the speeds at these currents and 500 V 
on each motor are 9 and 10*3 m.p.h. respectively. (LC/) 

10. Calculate the resistances of the series sections of the starting 

rheostat for the series-parallel control of two railway motors having 
characteristics as given in Examples II, 19, page 34, the number of 
steps in the series portion of the controller being five. The initial 
starting current is 300 A, and the upper and lower limits of current 
during starting are 350 A and 253 A respectively. The resistance 
of each motor is 0*1 Q (BP) 

11. Calculate the resistances of the three rheostat sections for tlie 
parallel steps of the controller for the tramway motors referred to 
in example 9. Transition is effected at a current of 63 A, and the 
current limits for the parallel steps are 90 A and 68*4 A. 

12. Calculate the resistances of the rheostat sections for the four 
parallel steps of the controller for the motors referred to in example 
10. Transition is effected by the bridge method at a current of 
253 A, and the lower limit of current for the parallel steps is to be 
the same as that for the series steps. 

13. Find, analytically or graphically, the values of the four series 
and the three parallel rheostat sections suitable for the series- 
parallel control of two 275 h.p., 550 V d.c. series motors, each having 
a resistance of 0*15 fi. The maximum current limit is to be 400 A 
throughout. A part of the magnetization curve is given below— 


Current (amp.) . 

300 

350 

400 

Flux (per cent) . 

90 1 

1 

95 

1 

100 


(lEE) 

14. Calculate the resistances of the starting rheostats for the 
series-parallel control of two 600 V, d.c. railway motors. The con¬ 
troller has five series and four parallel steps, and bridge transition 
is employed. The initial starting current is 300 A. The upper limit 
of current is 348*7 A for the series steps, and 326 A for the parallel 
steps; the lower limit is 251*3 A throughout. Each motor has a 
resistance of 0*1211 and the speeds (at 600 V) corresponding to 
the currents 348*7, 326, and 251*3 A are 17*9, 18*4, and 20*5 m.p.h. 
respectively. 

15. A 5 h.p., 100 V, 25-cycle, single-phase compensated series 
motor is to be started in three steps, the reduced voltages being 
obtained from tappings on an auto-transformer, and the upper limit 
of current being 55 A. The current-speed-power factor characteris¬ 
tics of the motor at 100 V, 25 cycles, are as follow— 


Current (amp.) 

70 

65 

40 

35 

Speed (r.p.m.) 

630 

860 

1,210 

1,400 

Power factor .... 

0*786 

0*875 

0*94 

0*955 
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The equivalent resistance of the motor is 0*4 O. Calculate the 
voltages of the tappings and the lower limit of current. 

16. If the motor of the preceding example (15) is to be started in 
two steps by means of a series resistance which is short-circuited 
by a contactor (the operating coil of which is connected across the 
brushes of the motor) when the speed reaches 550 r.p.m., calculate 
(1) the value of the starting resistance if the initial starting current 
is 55 A. Calculate also (2) the current peak when the resistance is 
short-circuited, and (3) the voltage across the operating coil when 
tlie contactor closes. 

17. Determine suitable transformer voltage tappings for starting 

a multiple-unit train equipped with single-phase series motors, each 
ratod at 230 h.p,, 240 V, and having an effective resistance of 
0*02 D. Take current limits of 1,400 A and 1,100 A, except for the 
lowest tapping; the power factors for those currents on normal 
voltage are 0*775 and 0*86 respectively. (lEE) 

18. Calculate the voltage steps for starting a single-phase 10f-cycle 
locomotive motor, the current limits being 1,750 A and 1,500 A, and 
the final voltage 380 V. The power factors and speeds, at 380 V, 
corresponding to the current limits are 0*94, 0*95; and 550 r.p.m., 
600 r.p.m. respectively. 



SECTION III 


SERVICE CHARACTERISTICS, SPEED-TIME CURVES, 

AND ENERGY CONSUMPTION 

Simplified speed-time curves. The symbols denoting the vari¬ 
ous quantities are shown in Fig. 12, and the units are as follow: 
distance, miles; time, seconds; speed, miles per hour; accelera¬ 
tion and retardation, miles per hour per second. 



Fig. 12. Equivalent Speed Time Curves 

{OABC, actual speed-time curve; ODBC, equivalent rectangle; 
OFQC, equivalent trapezium; OHKC equivalent quadrilateral) 


For the trapezoidal speed-time curve the equations are— 
36000 = F„r- iF„^(l/a + 1/^) 




(72) 




Notes. D = distance of run in miles = area of speed-time 
diagram. == average or mean running speed = 3600D/T. 
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For the quadrilateral speed-time curve the equations are- 
n- 1 \vt\i I ^(P + Pc) + mc -\ 

^- 7200 r»^L^+ a(p-p,) J 


P [ T7 Pc)(^ + P) 

a-p 

+ PcT-]\ 

• (74) 

V, = + Pja) - P,T]/(li - p,) 

• 

. (75) 

Tractive force, power, and energy. 

acceleration — 

Tractive 

force for 

= 102ir,a . 

. 

. (76) 


(Ffl in lb., (effective or accelerating weight of train) in 
tons, a in m.p.h.p.s.). 

TF, = IF + l-2niTFi + • (77) 


where IF = dead weight of train, TFi = weight of each wheel, 
— weight of each armature, tij = number of axles in train, 
nj = number of motors, y = gear ratio, rj = radius of driving 
wheel, Ti = radius of armature. 

Tractive force for gradient — 

= 22-4TF6^.(78) 

(F^ in lb. G = percentage gradient = rise or elevation (ft.) per 
100 ft. of track.) 

Povjer output from driving axles— 

P = 0002P^F.(79) 

where P = power in kW, F^ = total tractive effort in lb., 
F = speed in m.p.h. 

Specific energy output for runs made according to trapezoidal 
or quadrilateral speed-time curves— 


Watt-hours per ton mile for acceleration 

= (0-0283F^VP)TF,/]F .... (80) 

Watt-hours per ton mile for train resistance 

= l-99rP7P.(81) 

where F^ == maximum speed; D = distance of run; D' = dis¬ 
tance run with power; r = specific train resistance (lb. per ton 
of train dead weight). 

Calculation of speed-time curve and energy consumption. 

The point-to-point method is employed, the speed being taken 
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as the independent vanable and time as the dependent vari¬ 
able. Thus an increment of speed is assumed, the mean 
accelerating tractive effort is determined from the character¬ 
istic curves of the motor, from which the mean acceleration 
and the time increment follow. The instant at which power 
must be cut off is determined by trial, and the instant of the 
application of the brakes may be determined either by trial 
or from the following equation, which is deduced from the 
equations to the coasting and braking lines— 

r = • • • (82) 

where T, V denote the times from the start to the cut off of 
power and the application of the brakes respectively; T 
the time from start to stop; V' the speed at the instant of 
cut off; and the braking and coasting retardations 

respectively. 


EXAMPLES IV 

SERVICE CHARACTERISTICS, SPEED-TIME CURVES 

1. Draw a typical speed-time curve for an electric train for sub¬ 
urban service. State usual values for acceleration and retardation. 

On a certain line, with an average of 1J miles between stops, the 
schedule speed is 24 m.p.h. If the maximum speed attained is 
36 m.p.li., the stops 20 sec., and the retardation 2 m.p.h.p.s., find the 
acceleration required. {(^O) 

2. Distinguish between schedule speed and average speed. On an 
electrified suburban line the distance between two stations is 1*5 
miles. Calculate the maximum speed to be attained to give a 
schedule speed of 25 m.p.h. if there is a station stop of 25 sec. The 
acceleration is 1-5 m.p.h.p.s., and the braking is 2 m.p.h.p.s. 

(^^) 

3. A service of trains is to be run at a schedule speed of 17 m.p.h. 

over a level route in which the distance between stations is 0-5 mile. 
The station stops are of 20 sec. duration. Using the simplified (trape¬ 
zoidal) speed-time emve calculate the acceleration required to run 
the service, assuming that the braking retardation is 2 m.p.h.p.s., 
and that the maximum speed is 30 per cent greater than the average 
speed. {BP) 

4. A motor-coach train weighing 210 tons is accelerated on level 
track, at a mean acceleration of 1*125 m.p.h.p.s., up to a speed of 
26 m.p.h. Calculate (1) the tractive effort required, and (2) the 
output at the end of the accelerating period. Assume the train 
resistance at 10 lb. per ton, and the effective weight 10 per cent 
greater than the dead weight. 

6. If the train in the preceding example (4) were started on a 
gradient of 1 in 200, what would be the acceleration if the tractive 
effort exerted by the motors is 28,600 lb. ? 
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6. An electric train has a mean running speed from start to 
stop of 20 m.p.h.; it accelerates at 1 in.p.h.p.s., and brakes at 
1*76 m.p.h.p.s. The mean distance between stations is 3,000 ft. 

(1) Draw an approximate speed-time curve for the run, and (2) 
estimate the energy consumption per ton-mile. (lEE) 

7. An electric train weighing 220 tons (dead weight) makes a run 
on the level between two stations 1*2 miles apart. The initial 
acceleration is 1*2 m.p.h.p.s., and the braking retardation is 
2 m.p.h.p.s. The run is made to a trapezoidal speed-time curve, 
and the free-nmning speed is 20 per cent above the average speed. 
Draw to scale the speed-time curve and calculate the power output 
(a) at the end of the accelerating period, (6) during free-running. 
Calculate also (c) the specific energy output for the nm. Assume 
the effective weight of train as 10 per cent greater than the dead 
weight, and the train resistance at 10 lb. per ton at all speeds. 

(BP) 

8. What is meant by the effective weight of a car or train? A 

traction motor weighing 6,000 lb., with an armature which is 20 in. 
in diameter weighing 2,200 lb., drives wheels 44 in. in diameter 
through 67: 20 gearing. Calculate, approximately, the effective 
weight of the motor. ^ (IEE) 

9. Calculate the tractive effort necessary for the angular accelera¬ 

tion of the annature of a motor geared to 36 in. driving wheels 
(the gear ratio being 4*43: 1) when the linear acceleration of the 
latter is 1*2 m.p.h.p.s. Weight of armature, 1,650 lb.; diameter of 
armature, 17*5 in. (BP) 

10. A two-coach train, comprising a motor-coach and trailer of 

the normal double-bogie pattern, has a dead weight of 80 tons. The 
four motor armatures weigh 1,8001b. each, and have a radius of 
gyration of 7 in. The gear wheels weigh 500 lb. each, and have a 
radius of gyration of 12 in. The sixteen wheels weigh 1,2001b. 
each, have a diameter at the tread of 44 in., and a radius of gyration 
of 0*38 of this diameter. Calculate the effective weight of the train. 
Gear ratio, 3*5. (lEE) 

11. The following data refer to the speed-time curve of an electric 
train for the run on level track between two stations on a suburban 
railway— 


Time (sec.) . 

0 

18 

20 

23 

28 

33 

38^ 

e 2 - 6 t 

76 

Speed (m.p.h.) 

0 

18*7 

20*6 

23 

26 

28*2 

30 

27*1 

0 


• Power off. t Brakes applied 


Determine (1) the energy output, in watt-hours, from the driv¬ 
ing axles for the run. Determine also (2) the energy output per 
ton-mile. 

The dead weight of the train is 150 tons, and the effective weight 
is 166 tons. Train resistance may be assumed at a constant value 
of 10 lb. per ton. (PP) 
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12. An electric train, having an effective mass pf 32 tons per 
motor, is controlled to give uniform acceleration during the starting 
period up to a speed of 20 m.p.h., after which the net tractive effort 
is as follows— 


Speed (m.p.h.) . 
Tractive effort (lb.) 


20 

25 

30 

35 

40 

43 

3,480 

1,840 

880 j 

440 

130 

0 


The distance between stops is 4,000 ft; the train accelerates up 
to 35 m.p.h. and then coasts until braking is necessary. Draw the 
speed-time curve and determine the schedule speed, allowing for a 
stop of 16 sec. at every station. The mean resistance during coasting 
is 12 lb. per ton of effective mass, and the braking retardation is 
3 ft. per sec. per sec. (lEE) 

13. An electric train weighing 220 tons has to make a run of 
2 miles up a gradient of 1 in 180 at an average speed of 30 m.p.h. 
The train resistance may be assumed to be 10 lb. per ton during the 
run, and the allowance for rotational inertia may be taken at 12J 
per cent. 

Assuming an acceleration of 1 m.p.h.p.s. and a retardation of 
2 m.p.h.p.s., calculate the energy consumption of the train. 

(LU) 

14. Assuming a trapezoidal speed-time diagram, find the maxi¬ 

mum speed of a 100-ton train running between stations 1 mile apart 
and maintaining a schedule speed of 20 m.p.h. with 30 sec. stops. 
The train accelerates at 1*4 m.p.h.p.s. and brakes at 2 m.p.h.p.s. 
Estimate also the specific energy consumption on level track with 
a mean tractive resistance of 10 lb. per ton and a motor efficiency 
of 76 per cent. (IEE) 

16. The average distance between stops on a level section of an 
electrified railway is 1*75 miles. Trains have a schedule speed of 
24 m.p.h., the duration of station stops being 20 sec. The accelera¬ 
tion is 1 m.p.h.p.s., and the rate of braking 1-75 m.p.h.p.s. Resist¬ 
ance to traction is 10 lb. per ton. Allowance for rotational inertia 
12 per cent. Overall efficiency 70 per cent. Estimate the specific 
energy consumption in watt-hours per ton-mile for this section. 

(CQ) 

16. A motor-coach train has an overall efficiency of 72 per cent, 

and operates on a section in which the stops are 1,200 yd. apart. 
The sections between the stations are uniformly graded so that the 
stations are at the summits of 1 per cent gradients. The resistance 
to motion is 15 lb. per ton, and the maximum speed 36 m.p.h. The 
maximum speed is attained by a uniform acceleration of 1 m.p.h.p.s., 
after which the power is switched off. Calculate the specific energy 
consumption in watt-hours per ton-mile required to operate this 
service. {LU) 

17. A d.c. electric train, having an effective mass of 14 tons per 
motor, accelerates uniformly, by series-parallel control, to 28 m.p.h. 
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The time speed characteristics of the run is given by the following 
figures— 


Time (sec.) 

0 

54 

66 

97 

131 

160 

190 

Speed (m.p.h.) . 

0 

28 

32*5 

37*5 

40 

36 

0 

Amperes per motor . 

130 

130 

90 

66 

68 

0 

0 


The power is cut off at 40 m.p.h., and braking commences after 
160 sec. from the start. Determine (1) the distance travelled, (2) 
the energy consumption per ton-mile, and (3) the efficiency of con¬ 
version from electrical to kinetic energy. The supply voltage is 500. 

(lEE) 

18. A 200-ton motor-coach train starts from rest on a level track 
with a uniform acceleration of 1*5 m.p.h.p.s., and attains a maxi¬ 
mum speed of 27 m.p.h. The tractive resistance is 10 lb. per ton, 
and the effect of rotational inertia is equivalent to an increase of 
10 per cent in the dead weight of the train. Calculate (a) the trac¬ 
tive effort during the period of acceleration, (6) the approximate 
kilowatt-hour input to the train during this period if series-parallel 
control is used, and (c) the approximate energy consumption in 
watt-hours per ton-mile if the distance between stops is 0*4 mile. 
The power is cut off at the end of the accelerating period and the 
nm completed by co€isting. (OQ) 

19. A 15-ton car, driven by two series motors in parallel, takes 

120 A from a 500 V lino in ascending a gradient of 1 in 15 at a speed 
of 10 m.p.h. The gear ratio is 4*73: 1. If this ratio bo changed to 
5*25: 1, find (1) the speed of the car, and (2) the current taken 
when ascending the same gradient. The resistance to traction is 
20 lb. per ton, and it can be assumed that, over the required range, 
the speed of the motor is inversely proportional to the current 
taken. (LC/) 

20. An electric train weighing 300 tons is equipped with eight 
motors. If the acceleration is maintained constant, calculate the 
necessary torque which each motor armature must exert for the 
train to reach a speed of 35 m.p.h. in 25 sec. when starting on an 
up grade of 1*5 per cent. The diameter of the driving wheels is 
36 in., the single gearing has a ratio of 3-36 with an efficiency of 
78 per cent, and the resistance to traction averages 15 lb. per ton. 
An allowance of 10 per cent should be made for rotational inertia. 

(CQ) 

21. Two d.c. motors, each rated at 40 h.p., are driving a car 
weighing 16 tons at 12 m.p.h. up a gradient of 1 in 40. The trac¬ 
tive resistance is 15 lb. per ton. The resistance of each armature 
is 0-3 fl, and that of the field coils of each motor is 0*15 O. The 
motors being in full parallel, and the line pressure 550 V, find the 
current per motor. The overall efficiency is 75 per cent. 

The controller is moved to a tap-field point cutting out 26 per 
cent of the field turns. Find the alteration in (1) the steady current 
and (2) the speed on the same gradient. Assume that the flux per 
pole is proportional to the current in the field windings. (EV) 
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22. An electric train weighs 150 tons and has four motors. The 

gear ratio is 4*7, with an efficiency of 75 per cent, the diameter of 
the car wheels being 30 in. With the maximum permissible start¬ 
ing current, each motor exerts an armature torque of 2,200 lb.-ft. 
Assuming that the train accelerates uniformly, find the time taken 
to reach a speed of 30 m.p.h. when starting on an up grade of 1 in 
100. Allow 10 per cent for rotational inertia and a tractive resis¬ 
tance of 20 lb. per ton. (CO) 

23. In an urban electrified railway the stops are 1,000 yd. apart, 

and the distance between stations is occupied by up and down 
gradients of 1 in 80, the stations being at the summits. After switch¬ 
ing in, the current is kept at a value such that an acceleration of 
30 m.p.h. per minute is maintained until a maximum speed of 
35 m.p.h. is reached. The motors are then switched off, and the 
train is brought to rest with a constant retardation. Assuming the 
average resistance to motion to be 20 lb. per ton, and the overall 
efficiency of the train equipment to be 75 per cent, calculate the 
energy required per ton-mile to run the service. (CO) 

24. A train driven by d.c. motors and using series-parallel con¬ 

trol is accelerated to a speed of 20 m.p.h. in 25 sec. with a tractive 
effort of 3,000 lb. per motor. Determine the approximate energy, 
in kilowatt-hours, lost in the starting rheostats of each pair of 
motors, at each acceleration. (IEE) 

26. A 200-ton multiple-unit train has eight motors, each taking 
an average current during notching of 400 A and developing a gross 
tractive effort of 3,600 lb. Series-parallel control is used, the final 
voltage across each motor being 650 V when the speed is 24 m.p.h. 
The resistance of each motor is 0-1375 O. If the train accelerates 
on level tangent track against a constant tractive resistance of 
10 lb. per ton, find for each motor (a) the energy lost in the starting 
rheostat, (6) the motor heating loss, and (c) the output (including 
friction, etc.). Estimate also (d) the speed at which transition is 
made from series to parallel connection, and (e) the total accelerating 
time. Allow 10 per cent for the additional inertia of rotating parts. 

(lEE) 

26. A tramcar weighing 15 tons is equipped with two motors 
having the following characteristics— 


Amperes per motor . 

80 

1 

70 

60 

60 

40 

30 1 

20 

Speed of car (m.p.h.) . 

9 

9-5 

10-3 

11-6 

13-2 

16-2 

21 

Tractive effort (lb.) . 

1,850 

1,550 

1,250 

940 

650 

400 i 

200 


What is the maximum schedule speed of the car when operating 
on level track with eight stops per mile, the duration of each stop 
being 8 sec. ? The initial, or rheostatic, acceleration and the braking 
retardation are to be 1-6 m.p.h.p.s., and there is no coasting period. 
The tractive resistance may be assumed to be 25 lb. per ton at all 
speeds, and the inertia of the rotating parts may be assumed to be 
equivalent to 10 per cent of the dead weight. (EU) 

5—(.M86) 
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27. A train weighing 120 tons is fitted with four motors, each 
having a one-hour rating of 252 A and the following characteristics 
on the line voltage of 675— 


Current (amp.) 

80 

160 

240 

320 

400 

Tractive effort (lb.) 

400 

1,350 

2,470 

3,700 

4,950 

Speed (m.p.h.) 

53 

34-5 

28-8 

25-5 

23-2 


Assume an average current of 35 per cent above the one-hour 
rating during the rheostatic period, a track resistance of 10 lb. per 
ton, and braking at 2 m.p.h.p.s. 

(а) What is the minimum time in which an average section of 
0*75 mile can be accomplished? 

(б) Draw the speed-time curve for an average running speed of 

24-5 m.p.h. (lEE) 

28. A multiple-unit train of five coaches has a total weight of 
245 tons, and an effective rotational inertia equivalent to an addi¬ 
tion of 10 per cent to its dead mass. There are twelve motors, and 
the net tractive effort/speed relation for the whole train (after 
deduction of tractive resistance) is— 


Speed (ft. per sec.) 

0 

1 

35 

■10 

45 

50 

55 

70 

Tractive effort (lb.) 

43,500 

1 

43,500 

28,500 

i 

18,000 

11,000 

7,000 

0 


Draw the speed-time curve for the train on an up grade of 1 in 
75 when running between stations 6,000 ft. apart with a running 
time of 160 sec. Assume a mean tractive resistance of 3,2001b. 
during coasting, and a braking retardation of 3*5 ft. per sec. per sec. 

(lEE) 

29. A motor-coach train weighing 180 tons is fitted with six d.c. 
motors, each having the following characteristics at 600 V— 


Amperes .... 

400 

300 

200 

100 

70 

Speed (m.p.h.) 

Tractive effort (lb.) 

21-7 

23-6 

27-6 

38*4 

52-6 

4,750 

3,320 

1,890 

665 

290 


The train does a run of 0*66 mile up a gradient of 1 per cent at 
an average speed of 21*6 m.p.h. The track resistance may bo taken 
as 10 lb. per ton, and the average accelerating current on the 
rheostats as 350 A per motor. Draw the speed-time and distance- 
time curves, and calculate the energy consumption per ton-mile. 
Ordinary series-parallel control is employed. (IEE) 

30. A train has a total weight of 308 tons, and is equipped with 
eight motors, each of 300 h.p. The characteristics of the motor are— 


Current (amp.) 

100 

200 

300 

400 

500 

Speed (m.p.h.) 

65 

36*5 

29-8 

26-5 

24-7 

Tractive effort (lb.) 

330 

1,450 

2,740 

4,100 

5,450 
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The ratio of effective weight to the dead weight of the train is 
1*1; 1. The mean accelerating current is 416 A per motor. The 
braking retardation is 1*75 m.p.h.p.s., and the train resistance can 
be assumed as 10 lb. per ton throughout the run. Draw the speed- 
time curve for a run on the level of 1-1 mile to be made in 162 sec. 
Calculate the r.m.s. current per motor for the run. (IEE) 

31. A train weighing 120 tons is hauled by two pairs of motors 
operated in series-parallel on an average line voltage of 676. A run 
of 0*9 mile is performed in 110 sec. with the following current per 
motor— 


Time (sec.) 

0 

22*6 

2.5 

30 

1 

1 35 

41*5 (off) 

Current (amp.) . 

340 

340 

270 

212 

180 

154 


What is (1) the energy consumption per ton-mile, and (2) tlio 
r.m.s. current per motor? (lEE) 


32. A train has a total weight of 116 tons and is equipped with 
four motors each of 275 h.p. The characteristics of the motor are— 


1 

Current (amp.) 

100 

200 

300 

400 

600 

Speed (m.p.h.) 

51 

31*4 

26*4 

23*9 

22*1 

Tractive effort (lb.) 

390 

1,600 

2,960 

4,330 

5,690 


The ratio of the effective weight to the dead weight of the train 
is 1-1 to 1. The mean accelerating current is 425 A per motor. 
The braking retardation is 2 m.p.h.p.s., and the train resistance can 
be assumed as 10 lb. per ton throughout the run. A run of 0-86 
mile is to be made in 115 sec., there being an average up grade of 
0*119 per cent. Calculate the r.m.s. current per motor for the run. 

(lEE) 

33. A six-coach train consists of two motor-coaches and four 
trailers; its dead weight is 138*5 tons, and its effective weight is 
151*7 tons. Each motor-coach is equipped with two 200 h.p., 650 V 
d.c. motors, having characteristics at 550 V as follow— 


Amperes . 

350 

300 

250 

200 

150 

100 

Speed (m.p.h.) . 

17*5 

18*7 

20*1 

22-9 

27*5 

37*4 

Tractive effort (lb.) . 

4,860 

3,940 

3,030 

2,140 

1,320 

590 


This train operates at a schedule speed of 15 m.p.h. with 16 sec. 
stops on an underground tube railway having graded track with 
stations at the same level. The profile of the track between centres 
of station platforms, in the direction of running, is as follows— 

210 ft. level; 240 ft. 1 in 30 down; 870 ft. level; 480 ft. 1 in 60 up; 
210 ft. level. 

Calculate the speed-time curve and energy consumption of the 
train. The accelerating current is 300 A per motor, and the braking 
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retardation (on level track) is 2 m.p.h.p.s. Assume the train resis¬ 
tance at 10 lb. per ton, and the apparent train resistance during 
coasting (excluding gravitational effect) at 12 lb. per ton. 

34. The curves given in the figure are the result of tests made on 
a seven-car train. Explain and criticize these curves, and describe, 
how they may be obtained under service conditions. Calculate 



approximately, (a) the energy used during the starting period, (b) 
the energy used per train mile, (c) the retarding effort during coast¬ 
ing and braking, and (d) the efficiency over the starting period. The 
total weight of the train is 333,0001b., and the stations may be 
taken to be equally spaced. There is a 20 sec. stop at each station. 

(LU) 




SECTION IV 

ROLLING STOCK AND LOCOMOTIVES 

Magnetic track brakes. Vertical pull (in tons) 

.BM/(3*9 X 10»).(83) 

where B — flux density at pole faces in lines per sq. cm., 
A = area (in sq. cm.) of pole faces in contact with rail. 

Horizontal drag = vertical pull X coefficient of friction. 
y Limiting tractive effort. The tractive effort which just 
causes slipping of the driving wheels is equal to the product 
of adhesive weight and coefficient of friction. 

Weight distribution on driving wheels as affected by hori¬ 
zontal thrust on car body or bogie centres. The thrust at the 
bogie centres (or the centre of mass of the car body in the 



Fig, 13. Reactions on Bogie Truck 

case of a rigid truck) due to the tractive effort at the driving 
wheels causes a lifting action on the front wheels, resulting in 
an alteration of the static load distribution on the driving 
wheels. Thus, considering the case represented in Fig. 13 in 
which W denotes the load on the bolster, F the tractive effort 
exerted by the driving wheels of each axle, jRi, the reactions 
at each pair of wheels, b the wheel base, h the height of the 
bogie centre, we have 

- R,) = 2Fh 

7 ?^ + = w 

whence R^ \W - ^Fhjh . . . . (84) 

72, = ilF + 2Fhlh .... (86) 
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Impulsive blows due to irregularities in track. If a wheel of 
diameter D travelling horizontally at velocity V meets an 
irregularity (such as a high rail joint) in the track which causes 
a sudden vertical rise, the impulse of the blow is mV sin 0, 
where m denotes the uncushioned mass connected to the 
wheel, and d is the inclination with respect to the horizontal 
of the line joining the two points of contract of wheel with 
obstruction and track. Now sin 0 = dly/{Dd) = y/{dlD), 
Hence, the impulse is 

P=^mV^/{^|D) .( 86 ) 

Brake rigging. Alternative forms of brake rigging for a 
motor bogie truck are shown in Fig. 14. With the arrange¬ 
ment of Fig. 14(a) a single pull rod operates the whole of the 



Fig. 14. Alternative Forms of Brake Rigging 

brake levers on each side of the truck, but with the arrange¬ 
ment of Fig. 14(6) double pull rods are necessary. In both 
diagrams Fi, Fj, Fg, F 4 denote fixed pivotal points. 

The pressure exerted by each brake block is easily calcu¬ 
lated—if friction at the pivots and joints is neglected—from 
the dimensions of the levers and the pull in the pull rods. 

Worked example. The dimensions of the levers of a brake 
rigging arranged as in Fig. 14 (a) are as follow, the diameter 
of the wheels being 42 in.— 

F,A, 8 ^ AB, 12^ F,C, 15"; CD, 10"; ED, DG, 4^"; LM, 
15"; MK, 10"; JK, KH, 4J"; F 4 O, 8 "; ON, 12". Determine 
the pressure exerted by each brake block when a pull of 
2,500 lb. is applied to the pull rod. Neglect friction^ 
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Solution. When the brake blocks are pulled up tight, K becomes 
a fulcrum for lever LK, Hence, the pressure exerted by block No. 3 
= 2600 X LKjMK = 6250 lb. 

The horizontal component of the forces at K and N ~ 2600 x 
LMjMK — 37501b. Hence, the pressure exerted by block No. 4 
= 3750 X F.X/ON = 62501b. 

Similarly, the horizontal component of the forces at D and B is 
3760 lb. Hence the pressure exerted by block No. 2 3750 X 
F^DjF^C ~ 62501b., and that exerted by block No. 1 — 3750 x 
F^BjAB 6250 lb. 


EXAMPLES V 

ROLLING STOCK AND LOCOMOTIVES 

1. Sketch and describe one good form of magnetic track brake 

for use on a tramway, and show how it is energized. Calculate (1) 
the vertical pull and estimate (2) the horizontal drag exerted if the 
area of each pole is 5 sq. in., and in which the iron is magnetized 
to an induction density of 18,000 C.G.S. units. (BU) 

2. A magnetic track brake has to exert a vertical pull of 2 tons 
weight when the magnetic flux density is 16,000 C.G.S. lines per 
sq. cm. Make a dimensional sketch of a good type of brake which 

meet this requirement. (lEE) 

^3. What is meant by the adhesive weight of a locomotive ? A 
locomotive weighs 120 tons, of which 80 tons is adhesive weight. 
What maximum trailing load will this locomotive haul at a steady 
speed up a 1 per cent gradient, assuming a track resistance of 10 lb. 
per ton. (lEE) 

r 4. The coefficient of adhesion for an electric locomotive is 0*25. 
'^A locomotive is required to start a trailing load of 600 tons up a 
gradient of 1 per cent with an acceleration of 0-2 m.p.h.p.s., the track 
resistance is 10 lb. per ton, and the ratio of effective weight to dead 
weight of the whole train is 1-1; 1. What is the minimum adhesive 
weight required on the locomotive? (lEE) 

J 5. Find the approximate weight of a locomotive to haul a 450-ton 
goods train up a 1 per cent gradient with an initial acceleration of 
0*8 m.p.h.p.s. Coefficient of adhesion, 0-25; tractive resistance, 
12 lb. per ton; effect of rotating masses equal to 10 per cent of the 
dead mass. How many driving axles are necessary if the track can 
support an axle-loading not exceeding 22 tons ? (lEE) 

6. If the coefficient of adhesion is 0*22, find the maximum possible 

rate of acceleration in the case of (1) a 100-ton locomotive hauling 
a train weighing 200 tons, and (2) a multiple-unit train, if each of 
the three motor-coaches weighs 50 tons, and each of the two trailer 
coaches weighs 30 tons. Assume the tractive resistance to be 10 lb. 
per ton. (CQ) 

7. What factors limit the trailing load that can be hauled by an 
electric locomotive ? 

A four-axle locomotive weighing 36 tons is equipped with four 
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motors each having characteristics as follow, with a gear rato of 
62; 18— 


Current (amp.) 

80 

160 

240 

320 

400 

Tractive effort (lb.) 

400 

1,360 

2,470 

3,700 

4,950 

Sliced (m.p.h.) 

53 

34-5 

28-8 

25*6 

23-2 


If the gear ratio were changed to 81: 15, what is the maxi¬ 
mum trailing load which can be started with an acceleration of 
0-5 m.p.h.p.s. on level track, £issuming 10 lb. per ton train resis¬ 
tance ? The motors are able to stand 50 per cent overload in current 
above the one-hour rating of 252 A. (lEE) 

8. A single-phase express locomotive is required to haul a 250-ton 

train on the level at 55 m.p.h. The route includes long gradients of 
2-5 per cent, over which the speed is to be 20 m.p.h. Outline (1) 
a suitable arrangement of axles, (2) the number and type of motors 
and their rating, (3) the type of drive, and (4) the kilovolt-ampere 
rating of the main transformer. (CO) 

9. What is the effect on the weight distribution on a motor-bogie 

of the thrust on the bogie centre caused by the motors or by braking T 
A bogie has a wheel base of 7 ft., and the height of the bogie centre 
above the rail is 3 ft. 6 in. The total weight on the wheels is 25 tons, 
and the horizontal thrust at the bogie centre due to the motors is 
5 tons. Calculate the approximate loads on the two axles stating 
the assumptions made. (lEE) 

10. A four-wheel tramcar heis 32 in. wheels on a 6 ft. 6 in. wheel 
base. The weight of the loaded car is 14 tons, the mass centre being 
3 ft. above the axle centres. Estimate the maximum acceleration 
which can be obtained without slip of the front wheels. Coefficient 
of adhesion, 0-15. Neglect tractive resistance and gradient. 

« (lEE) 

11. A bogie truck carries a pair of motors driving through gears 
in the usual manner. Prove that if each motor exerts tractive effort 
T, and h is the height of the king-pin above the rail, and b the wheel 
base of the truck, the rear pair of wheels carries greater weight than 
the fore pair by ^Thjb, 

Hence show that if the apparent limit of adhesion is 25 per cent 
when /i = 3 ft. and 6 = 7 ft., the actual limit is nearly 32 per cent. 

(lEE) 

12. A 36 in. wheel, on an axle driven by a nose-suspended motor, 

meets an inequality in the track (equivalent to a sudden rise of 
I in.) when travelling at 35 m.p.h. If the non-spring-bome weight 
on the axle be 1*5 tons, estimate the magnitude of the impulsive 
blow impressed on the axle. Discuss briefly the significance of this 
in the design of express electric locomotives. (IEE) 

13. Sketch a typical form of brake rigging for one bogie truck of 
a multiple-unit coach, showing the pair of wheels on one side of the 
bogie with four coupled brake blocks. Give approximate dimen¬ 
sions, using 42 in. wheels, in order that the forces en the brake 
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blocks should be equal. Calculate the total pull required to obtain 
a force of 2,0001b. on each brake block, using the dimensions 
adopted in the sketch. (IEE) 

14. The brake rod connected to the piston of the vacuum brake 
mechanism exerts a maximum pull of 2,500 lb. on each side of the 
bogie. Arrange the brake rigging to give about 3,000 lb. braking 
pressure on all brake blocks (two per wheel). State the dimensions 
of the links used and show detailed calculations. (CO) 



SECTION V 

TRACKWORK AND OVERHEAD CONSTRUCTION 

Super-elevation of track rails. To prevent derailment at 
curves the outer rail must be super-elevated, so that the line 
of action of the resultant force (due to centrifugal force and 
the weight of the train) is perpendicular to the plane con¬ 
taining the treads of the rails. As this force acts at the centre 
of mass of the train, its line of action is centrally situated with 
respect to the rails. Thus with correctly super-elevated track 
the inclination ((?), with respect to the liorizontal, of the plane 
containing the treads of the rails is equal to the inclination, 
with respect to the vertical, of the resultant force acting on 
the train. 

Hence, sin 0 -- super-elevation/track gauge. 

tan 0 = centrifugal forcc/weight of train. 

As 0 is a small angle sin 0 = tan 0, approximately. 

Therefore, super-elevation 

= (track gauge X centrifugal force)/weight of train. 

If the radius of the curve (r) is expressed in feet, the train 
speed (F) in m.p.h., and the gauge is standard (4 ft. 8jin.), 
the super-elevation (E) in inches is given by 

E == 5(3-5 (5280F/3(300)-/r/^ 

-- 3-8FVr.(87) 

taking (j — 32-2. 

Tramway overhead construction. Temion and sag in trolley 
wire. The tension T (lb.) in a wire weighing w lb. per foot, 
suspended wdth a sag 6 (ft.) between supports 21 (ft.) apart at 
the same level is 

T --= wl^l2d .(88) 

The tension Tj at a temperature di is given by 

/ OimaEwH^ 

” V T,'+ aE[a(d, -6) + i(wim - T 

64 


( 89 ) 
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T, 0, being the tension and temperature respectively at erec¬ 
tion ; a, the coefficient of linear expansion; a, the cross-sectional 
area of the wire; Young’s modulus of elasticity. 

Catenary overhead construction. Tension and sag in cate¬ 
nary wire. For an even number of droppers per span the ten¬ 
sion is given by 

T - .(90) 

where w' is the average weight per foot run of the whole 
suspension (i.e. catenary wire, droppers, and trolley wire). 

For an odd number of droppers per span 

T = (wTl2<^) + {w^X(n + |)/2(5) . . . (91) 

where is the average weight of a dropper; the horizontal 
spacing in feet of the droppers; n, the number of droppers per 
half span, the centre one not being included. 


EXAMPLES VI 

TllACKWOllK AND OVERHEAD CONSTRUCTION 

1. Explain what is meant by super-elevation. What is the correct 
value for a train travelling at 30 m.p.h. on a curve of 500 ft. radius 
on standard gauge track ? 

If there were no super-elevation, and the height of the centre of 
gravity were 5 ft,, what would be the ratio of the pressures on the 
two rails? (lEE) 

2. What considerations determine tho permissible sag to be given 

to a trolley wire for an electric tramway ? Calculate the sag to be 
given to a trolley wire 0-4 in. in diameter and weighing 0*484 lb. 
per foot when erected, with a span of 120 ft., if the stress in the 
wire when erected is 9.000 lb. per sq. in. (^P) 

3. The stress in a trolley wire having an area of 0*109 sq. in. is 
not to exceed 9,000 lb. per sq. in. when erected in a span of 120 ft. 
Calculate the tension that must be allowed, and the resulting sag. 

Sketch clearly a method of supporting the wires of a double 
trolley-bus line round a sharp right-angle bend, without the use of 
centre poles. (lEE) 

4. A 120 ft. span of 0*4 in. copper trolley wire is erected with a 
tension of 1,160 lb., at 65° F. Determine the tension at a tempera¬ 
ture of 100° F., having given: Young’s modulus of elasticity = 
18 X 10^ lb. per sq. in.; coefficiency of linear expansion per 1° F. 
= 9*3 X 10-«. 

6. If in winter, at a temjjeraturo of 22° F., the trolley wire of the 
preceding example (4) is subjected to a horizontal wind pressure of 
20 lb. per sq. ft. (on a flat normal surface), determine the stress. 
The wind pressure on a cylindrical surface may be taken as 0*6 
times the normal pressure on the equivalent projected area. 
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6. In a single-catenary construction there is a catenary wire and 

a trolley wire supported at intervals by droppers. Develop an equa¬ 
tion giving the minimum permissible sag in the catenary for a given 
tension in the catenary wire. (IEE) 

7. In a catenary system the catenary wire is steel with a maxi¬ 

mum permissible tension of 1,000 kg. The weight of the catenary 
wire is 1 kg. per metre run, the weight of the trolley wire is 1*5 kg. 
per metre run, and the allowance for droppers and fittings is 20 per 
cent of the trolley wire weight. If the span is 80 metres, what is 
the minimum sag of the catenary? (lEE) 

8. On an overhead catenary construction with a span of 300 ft. 

the tension in the catenary wire is 2,000 lb. and the sag is 10 ft. 
With the same weight per foot run, but the span reduced to 280 ft., 
what would be (a) the sag with the same tension, (6) the tension 
with the same sag ? (lEE) 



SECTION VI 


TRACTION FEEDING AND DISTRIBUTING SYSTEMS, 
ROTARY CONVERTERS, AND RECTIFIERS 

Traction distributing and feeding systems. The voltage drop 
is calculated by methods similar to those given in Section I, 
but in systems employing an earthed return separate calcula¬ 
tions are necessary for the trolley wire and track owing to the 
different methods of feeding. In many cases the loading along 
the track is assumed to be uniform; the voltage drop then 
follows a parabolic law. Thus if the track is loaded at the rate 
of / amp. per mile, and R is the resistance per mile, the maxi¬ 
mum voltage drop F in a section is 

V = .(92) 

where I is the distance in miles, between the feeding point and 
the point in the track at which the current is zero. 

With equally-loaded sections throughout the length of the 
track, the distance between the negative feeding points for a 
voltage drop V is equal to 2?, or to 2^{VI\IR). 

Rotary Converters. Voltage ratio. The theoretical voltage 
ratio at no-load, assuming sine wave e.m.f. and distribution of 
flux, is 

^s/^c = ^*'707 sin {nfm) .... (93) 

r.m.s. 


where is the voltage between slip-rings connected to tap¬ 
pings 2Tc/m electrical degrees apart, E^ the commutator voltage, 
and m the number of slip-rings. 

Armature current. The r.m.s. value of the resultant current 
in a conductor 6° from the mid-point of a pair of tappings is 


r 



_8 

[mr] cos (p sin (ttAw)]^ 

16 cos (B ^ (p) \ 

mn Tj cos (p sin (-Kim)) 


(94) 


and the average value of the resultant current for the whole 
armature winding of a six-ring machine (m = 6) is 



1 + 


8 

cos^ q) 


67 


1-62 


(95) 
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where is the current output from the commutator, a the 
number of circuits in the armature winding, rj the efficiency 
and cos (p the power factor. 

Limiting comynutaior voltage, Tliis is given by 

.( 06 ) 

where is the mean voltage between segments, the peri¬ 
pheral speed of commutator in feet per minute, the pitch 
of the segments in inches, and / the frequency. 

Mercury arc rectifiers. Voltage ratio. The theoretical vol 
tage ratio, assuming a sine law for the e.m.f.s and ignoring 
voltage drops, is 

= [^y2 sin (n!m)]!(K/m) .... (97) 

where is the output voltage, the r.m.s. value of the 
e.m.f. of each phase of the transformer supplying the rectifier, 
and 27 t/?m the mutual phase difference between the several 

e.m.f.s. 

Anode currents. If the wave-form of the anode currents is 
rectangulai*, the r.m.s. value of the current input to an anode 
is 

Ia=--IJaVm .(98) 

where is the current output from the catliode, m the num¬ 
ber of phases in the secondary of the transformer, and a the 
number of anodes (operating in parallel) supplied by each 
phase. 


EXAMPLES VII 

FEEDING AND DISTRIBUTING SYSTEMS, ROTARY 
CONVERTERS AND RECTIFIERS 

1. In an overhead trolley construction there are two tracks 

arranged in parallel electrically. Each overhead line has 0*25 sq. in. 
of copper, and the rails are 90 lb. per yd. (9 sq. in. section) and 
10 yd. long. The resistance of each rail joint is equal to that of 
1 yd. of rail. The resistance of copper is O lijjuD, per in. cube, and 
the resistance of the rail is eleven times that of copper. What is 
the total resistance per mile of line? (lEE) 

2. In a single-catenary system the cross-sections of the wires 

are: copper catenary 0-2 sq in., trolley wire 01 sq. in. The line is 
single track only, and the starting current of a locomotive is 2,000 A. 
What is the voltage drop in the overhead line when the locomotive 
starts up between two substations 8 miles apart, the distance from 
the locomotive to the nearest substation being 2 miles ? Resistance 
of copper is 0-75//L1 per in. cube. (IEE) 

3. An overhead trolley wire in a tramway system has a resistance 
of 0-460 per mile, and the maximum permissible voltage drop in 
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a distributing section is 55 V. The cars on the section have a 
schedule speed of 10 m.p.h., and there is an interval of 2 min. 
between the cars. The average current per car is 25 A. Find the 
length of distributing section corresponding to the maximum voltage 
drop, assuming the average voltage drop to be 50 per cent of the 
maximum. (CQ) 

4. A tramway system delivers energy to the cars from two over¬ 

head conductors, each having a resistance of 0*44Q per mile. Two 
feeding points, A, B, 1,800 yd. apart, have voltages of 654 and 650 
respectively, and there are five cars equally spaced 300 yd. apart. 
The currents taken by the respective cars are 20, 40, 20, 60, and 
80 A, commencing 300 yd. from the end at 654 V. Find the current 
distribution and the lowest voltage. {IEE) 

5. Describe a negative booster for use on a traction system. The 

resistance of the track rails on a railway is 0 -lQ per mile, and the 
normal return current is 500 A. What size of copper feeder would 
be used in parallel with the rails if the voltage drop is limited 
to 10 V per mile, the resistance of copper being 0*75//Q per in. 
cube. (I EE) 

6 . A traction system employs the running rails as return conduc¬ 
tors. Describe measures and precautions that may be required to 
keep the voltage drop within reasonable limits. 

It is proposed to take a current of 750 A from the track, at a 
point 2,000 yd. from the nearest substation, and to use a cable of 
0-8 sq. in. cross-section. Make a sketch of the booster connections 
and determine the capacity of the booster. Resistance of copper 
0-75/(D per in. cube. (lEE) 

6a. In a section of tramway 3 miles long there is a total current 
of 300 A., which may be considered to bo drawn off miiformly. The 
track resistance is 0*015D per 1,000 yd. To reduce the voltage drop 
l)etween the ends of the section to 6 V, a negative cable is connected 
to the distant end of the section. Find the current carried by this 
feeder. (EU) 

7. In a single-phase traction system a train takes P kW at a 
power factor of cos cp. Derive an expression in terms of P, cos 9 ?, 
and the impedance (Z) per mile of contact wire and rail, for the 
distance (D) in miles between the train and a substation for which 
the voltage on the train shall not be loss than (100 - p) per cent of 
the substation voltage V, 

Calculate this distance for a train taking 2,000 kW at a power 
factor of 0*8 if the total line and rail impedance is 0 * 2 D per mile. 
Voltage at substation, 11,000 V; at the train, 8,500 V. (EU) 

8 . A d.c. traction feeder AB is miles long. At B it divides; 

one part, C, is miles long and carries a current /g, the other j^art, 
D, is fg miles long and carries a current /g. The total permissible 
fall of potential, from A to C or A to D, is v volts. Determine the 
sizes of the conductors in the three parts of the feeder so as to make 
the total cost of copper a minimum. (EU) 

9. On a 1,600 V d.c. railway there are two substations, A and 
R, 10 miles apart. The first 4 miles of track from A is single, and 
the remainder is double. The resistance of the single-track rails is 
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0-05Q per mile. With 200 A collected by a locomotive running from 
A to B the maximum voltage drop allowed on the system is 100 V. 
The overhead line has a constant section over each track, and over 
the double track the overhead lines and track rails are bonded 
together at frequent intervals. What is the minimum section of 
the copper in the overhead line between A and B ? Resistance of 
copper is 0*75//Ci per in. cube. 

10. Two suDstations, A and R, supply power at 600 V and 620 V 

respectively to a d.c. railway through four feeders (two positive 
and two negative) from each substation, each feeder having a 
resistance of 0*010. The resistance of each of the (positive and 
negative) conductor rails between adjacent feeding points is 0*020. 
There is one train on the track taking a constant power of 500 kW. 
Find the point at which the train ceases to derive energy from one 
of the substations. (Lf7) 

11. Two substations E, F supply power to an electric railway at 
equidistant intervals along the track at four adjacent feeding points, 
A, R, C, 2). Substation E feeds at A and R; substation F at G and 
Z>. The resistance, go and return, of the feeders to each point is 
0*010, and of the track conductors between adjacent feeding points 
0*020. If substation E has a fixed voltage of 500 V, what must 
be the voltage regulation of substation F so that when a train taking 
300 A is at R the substation E supplies 200 A and F 100 A; and 
when the train is at O, substation E supplies 100 A and F 200 A? 
Find also the train voltages at R and C, Assume that no other 
trains are between A and D, and that no other station is effective. 

^lEE) 

12. Two traction substations A and R are spaced 10 miles apart, 
and maintain at their bus-bars a voltage of 1,500. An electric train 
taking 500 A runs at a steady speed of 40 m.p.h. from A to R. For 
the first 5 miles the track is single and the remainder is double. 
The overhead line of each track has a resistance of 0*1Q per mile, 
and the resistance of a single track rail is 0*05f2 per mile. Draw a 
graph on a time basis showing the load on substation A and the 
voltage at the train. The overhead linos and the track rails are 
bonded at frequent intervals on the double-track section. (lEE) 

13. Calculate the voltage ratios of the transformers for (1) a six- 
ring 600 V rotary converter, (2) a six-ring 1,500 V rotary converter. 
The supply is three-phfiwe at 11,000 V, the primary windings are 
star-connected, and the secondary windings are connected dia¬ 
metrically to the slip-rings. 

14. A 1,000 kW, six-ring, 600 V rotary converter is supplied from 
a three-phase, 11,000 V system through a transformer with star- 
connected primary windings and diametrically-connected secondary 
windings. The full-load efficiency of the rotary converter is 95 per 
cent, and that of the transformer 98*2 per cent. Calculate the 
currents in the primary and secondary windings when the rotary 
converter is running at full load, 0*98 power factor. 

15. If the rotary converter in the preceding example (14) has ten 
poles and a lap winding on the armature, calculate the resultant 
current in the armature winding. 
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16. What must be the peripheral speed of the commutator of a 
50-cycle, 1,500 V rotary converter if the pitch of the commutator 
segments is 0*18 in., and the average voltage per segment is 18 V? 

17. A six-phase 500 kW rotary converter working on a traction 

circuit is required to give 500 V on no-load, rising to 660 V on full 
load, by means of reactance. The supply pressure at the transformer 
secondary is kept constant at 370 V. Find the reactance needed in 
each phase when the converter is over-excited on full load to give 
a leading power factor of 80 per cent. (LU) 

18. The transformer (of ratio 6,000 to 370 V) intended to supply 
a six-phase, 526 V rotary converter, provided with a series winding, 
has the following short-circuit characteristics: voltage applied to 
primary, 1,200; current in secondary, 1,000 A. 

When the load on the converter is 1,000 kW at 550 V (neglecting 
drop in the windings and brushes), (1) what is the current in each 
slip-ring, and (2) what is its phase relation (a) to the slip-ring 
voltage, (6) to the primary voltage? Primary volts, 6,000. (LJJ) 

19. A 1,000 kW, six-anode, mercury-arc rectifier, connected so as 
to operate £is a double three-phase rectifier, is required to give an out¬ 
put voltage of 1,600. If the voltage drop in the arc is 25 V, (1) what 
is the voltage of the secondary windings of the transformer, and 
(2) how are these windings connected? 

20. If the wave-form of the anode currents of the rectifier in the 
preceding example (19) is rectangular, calculate (1) the r.m.s. value 
of the currents in the transformer secondary windings when the 
rectifier is giving its full-load output of 1,000 kW at 1,500 V, (2) 
the kilovolt-ampere output from the secondary windings. 


6—(5186) 




ANSWERS TO THE EXAMPLES 


EXAMPLES I 

1-2. A.c. copper = 0*924 d.c. copper.* 

3. A.c. copper = 1*17 d.c. copper. 

4. A.c. copper = 1*32 d.c. copper.* 

5. J/. 

6 . 1,696 yd., 0*1 sq. in. 

7. 69 yd., 11-31D. 

9. A side: 7160, 9100. B side: 6200, 2200. 

10. 9,0000. R = {Vq - iR')li[R — insulation resistance, R' — 
series resistances, Vq — voltmeter reading, i — ammeter reading], 

11 . 2000 . 

12. = 211*484, Fb = 211*407, F^g^ = 211*06, Fjooa = 210*96. 

13. Currents from A end: 57*6, 17*6, - 2*4, - 32*4, - 82*4. 

Currents from A end: 27*6, 7*6, 7*6, - 22*4, - 72*4. 

14. (a) 31, (b) 1*524 V (with full number of services), (c) at central 
load point. 

16. Currents from A : 151*8, 81*8, 61*8, - 3*2, - 93*2, - 153*2. 

Minimum p.d. at third load point from A. 

16. 275 yd. from the 200 V feeding point. 

17. 0*088 sq. in. 

20. ACy 0*292 sq. in.; CD, 0*0448 sq. in.; CB, 0*126 sq. in. 

21. Ratio of copper, 1*015. 

22. Currents, -f- outer: 25*7 A in AC, 5*7 A in CD, - 34*3 A in 
DB; neutral: - 18*3 A in AC, 38*3 A in CE, - 21*7 A in ED, 18*3 in 
DF, - 1*7 A in FB;- outer: - 46*3 A in AE, 13*7 A in EF, 33*7 in 
FB (minus sign denotes currents in direction BA). P.d.s : 201*09 V 
at C, 196*11 V at D, 189*26 V at E, 197*03 at F. 

23. (1) Currents, Red outer: 79*2 A in FC, 20 A in CA, 44*9 A 
in FD, 15 A in DB, Blue outer: 59*2 A in FE, 10 A in EA, 71*6 A 
in FQ, 15 A in OB, Neutral: 34*9 A in FC, - 40 A in CE, 10*2 A 
in EA, - 98*4 A in FQ, 30*1 A in QD, - 6*7 A in DB (minus sign 
denotes neutral current in direction away from feeding point). (2) 

Cross-section of neutral equal to half that of outer. 

73 
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P.d.s. Red side: A, 231V: C, 231-9 V; D, 230-3 V; B, 230-1 V. 
Blue side: A, 230-5 V; 229-8 V; O, 229 V; B, 231-6 V. (3) 123-1 A 
(Red), 128-6 A (Blue). (4) 25-6 kW (Rod), 29-1 kW (Blue). 

24. (1) Currents. Red outer: 24-4 A in AC, 7-66 A in CD, 33-4 A 
in DB. Blue outer: 44-5 A in BE, 16-6 A in EF, 35-3 A in FB. 
Neutral: 20-2 A in AC, 37-9 A in CE, - 22-7 A in ED, 17-3 A in 
DF, - 2-72 A in FB. (Minus sign denotes neutral current in direc¬ 
tion BA). (2) P.d.s. Red side: <7, 200-8 V; B, 196-96 V. Blue side: 
E, 190-7 V; F, 197-2 V. (3) A end: 4-68 kW (Red), 7-94 kW (Blue). 
B end: 5-72 kW (Red), 6-06 kW (Blue). 

25. (1) 0-45 sq. in. (2) Load voltages: C 232-96, D 229-2, E 228, 
B 227-3. (3) Voltage drop reduced from 9-7 V to 4-1 V. (4) 35-6 A. 
(5) Load voltages: G 234-5, D 232-9, E 233-25, B 236-06. 

26. A, 0-92 V; B, 1-088 V; C, 0-864 V. 

27. (1) B. 239-2 V; C, 234-4 V; £>, 228 V; E, 237-7 V; F, 228-2 V; 
O, 224-1 V. (2) (Red) 24-4 A; (Blue) 26-3 A; (White) 30 A. (3) 
(Red) 6-76 kW; (Blue) 6-12 kW; (White) 6-12 kW. 

28. (1) 11 V, 16-5 V, 11 V. (2) 7-14 V, 12-67 V, 9-08 V. 

29. (1) AB, 189-3 A; BC, 79-3 A; CD, 10-7 A; DE, 70-7 A; EA, 
190-7 A. (2) AB, 149-4 A; BC, 39-4 A; CE, 22 A; CD, 72-6 A; 
DE, 132-6 A; EA, 230-6 A. 

80. 0-5fl. Current in equalizer, 4 A. Currents in sections -. AB, 
8-16 A; BC, 4-16 A; CD, 1-16 A; DE, 1-456 A; EF, 2-544 A; FA, 
7-72 A; FD, 0-176 A; AO, 6-11 A; OD, 3-11 A. 

31. (i) 99-8 per cent, (ii) 91-6 per cent. 

82. (1) 20-13 kW, (2) 6-01 kW, (3) 0-76 leading. 

83. £11,530. 

34. [1 —0-114'\/(l “C 08 *^i)]/co 89 j, = [1 - 0-114-v/(l - cos® 9 P)]/cos 9 ). 

cos = corrected power factor; cos 93 = original power factor. 

35. (i) Synchronous motor generators, (ii) 0-88 leading, (iii) (a) 
£16,070, ( 6 ) £16,460. 

86 . £141. 

87. 106,420 kWh. 

88 . (o) 85/<F, (5) 10,400 V, 10,600 V. 

88 . (a) 850 kVA, ( 6 ) 12,440 V, 13.100 V. 

40. 0-23 sq. in. 

41. 4,760 V. 

42. 2,610 kW, 2,390 kW. 

43. R = 0-846a X = 1-7860. 

44. 2,000 kW. 
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46 . 88-7 kW. 91-3 kW. 

40 . (1) 203 V: (2) 12-8 kW; (3) {A) 8-8 kVA, (B) 6-6 kVA; (4) 
{A), 32-8% (S) 39°. 

47 . 0-4660. 


EXAMPLES II 


1. Current . 

10 20 

30 

40 60 60 

70 

Speed (r.p.m.) . 

. 1,067 728 

604 624 483 422 

406 

2. Current . 

60 100 

150 

200 260 

300 

Speed (r.p.m.) . 

. 1,240 775 

664 

692 649 

616 

Gross torque (lb.-ft.). 169 636 

942 

1,376 1,837 

2,320 

3. Current 

10 

20 

30 

40 60 60 

70 

Torque (lb.-ft.) 

. 16-3 

66*4 

108 164 222 282 

345 

Speed (r.p.m.) 

. 2,610 

1,346 

1,046 907 827 772 

730 

4 . 690 r.p.m. 






6 . Current 

4 

8 

12 

16 20 24 

28 

Speed, full field 






(r.p.m.) . 

1,600 

906 

690 693 631 493 

469 

Speed, tapped 






field (r.p.m.) . 

3,260 

1,610 1,110 884 766 666 

610 

6 . Current 


300 

260 

200 160 

100 

Tractive effort (lb.) 


2,670 

1,990 

1,320 760 

337 

7. Current 


20 

30 

40 

60 

Speed (r.p.m.) 


1,636 

1,195 

982 

867 

Torque (lb.) 


6-3 

12-6 

19-6 

27*4 

8 . Current 

100 160 

200 

250 300 

400 

Tractive effort (lb.) 

660 1,246 

2,100 

3,100 4,200 

6,400 

Speed (m.p.h.) 

6 M 43 

34-2 

28*1 24*2 

2M 

9. Current 


700 

600 

500 400 

300 

(a) Speed (r.p.m.) . 


497 

632 

684 664 

778 

(o) Torque (kg-m.) 


1,736 

1,410 

1,085 786 

600 

(b) Speed (r.p.m.) . 


646 

692 

663 746 

916 

(6) Torque (kg-m.) 


1,682 

1,260 

970 688 

426 

10, Current 


160 

120 

80 

40 

Speed (m.p.h.) 


4-9 

6*76 

7*27 

11*36 

11, Current 


160 

120 

88 

40 

Speed, Ist series (m.p.h.) 

— 

— 

0(77 A) 

6*9 

„ 2nd „ 

ff 

— 

018 

2*92 

8*2 

,, 3rd ,, 


1*88 

3*3 

6*4 

10 

1 , 4th ,, 

tf 

4-9 

5*76 

7*27 

11*35 


18 . 38-2 A. 


18 . 66-2 A, 786 r.p.m. 
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14. 12‘3 per cent. 

10. Currents, (A) 245 A, (J5) 272 A; Tractive efforts, (A) 3,170 lb., 
(B) 3,660 lb. 

17. Speed, 8*42 m.p.h.; Voltages, (A) 269-5 V, (B) 280-6 V. 

18. (a) 275 A, 3,085 lb.; (6) 256 A, 2,780 lb. 

19. Currents, (A) 305 A, 218 A, 167 A; (R) 262 A, 198 A, 162 A; 
tractive efforts, (A) 4,1501b., 2,6001b., 1,645 lb.; (B) 3,5501b., 
2,290 lb., 1,470 lb. 

20. (a) 124-9 kW (A), 112-4kW(R); (6) 2,2901b. (A), 2,0601b. 
(R); (c) 110 kW (A), 98-8 kW (R); {d) 56-8 kW (A), 59-6 kW (R); 
(e) 11-68 m.p.h. 

21. 100° C. 

22. (a) 0-060320, (6) 5-02 per cent high, or 4-96 per cent low, 
according to whether original error is high or low. 

23. 60° C. 

24. Current .... 50 100 150 200 260 

Speed (m.p.h.) . . 40-3 26-3 22-5 20-4 19-3 

Tractive effort (lb.) . . 343 1,200 2,125 3,050 4,000 

25. Efficiency 85-2 per cent, train speed 17-8 m.p.h., tractive 
effort 3,950 lb. 


26. 20-8 V. 

27. 110 V, cos 9 ? = 0-89. 

28. 6381b..ft. 


29. 

Current . 

. 1,000 

1,400 

1,800 

2,200 


Speed (r.p.in.) . 

956 

718 

643 

603 


Torque (kg-m.) 

420 

720 

1,010 

1,320 


Power factor (per cent) 

. 97-8 

96-6 

95-4 

94-2 

30. 

Current . 

. 1,000 

1,400 

1,800 

2,200 


Speed (m.p.h.) 

. 57-8 

46 

39-5 

35-9 


Tractive effort (lb.) . 

. 2,690 

4,720 

6,950 

9,100 

31. 

Current . 

. 1,000 

1,500 

2,000 

2,500 


Speed (km.p.h.) 

. 16-6 

12-8 

10-6 

8*8 


32. (A) 1,615 A, (R) 1,680 A, (C) 1,540 A. 

33. 12,290 kg; 1,460 A (A); 1,420 A (R). 

34. (1) 690 A; (2) cos (p = 0-846, rj = 0-96; (3) 3-73 times full-load 
torque; (4) 3,270 kW; ( 6 ) 4-25 times full-load torque as motor. 

36. 8-28 m.p.h.; 1 in 6-9 (down). [Note. PR losses assumed to 
be divided equally between stator and rotor.] 

36. (a) 1,130 h.p., 870 h.p.; ( 6 ) 620 h.p., 380 h.p.; (c) 180 h.p., 
- 80 h.p. 
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37. (1) 1,000 r.p.m., 750r.p.m., 428 r.p.m. (synchronous speeds); 
(2) 760 h.p.; (3) 42-8 per cent from six-pole motor, 67-2 per cent from 
eight-pole motor, losses ignored. 

EXAMPLES III 

1 . 21512. 

2. Rj - + 1 = 1-2I2, Rj - R„ + 1 = 0-812. 

8 . R, - R„ H-, = 0-99612, R, - R„ + , = 0-76312. 

4. Rij, = 0-816f2. 

5. R,p = 0-5430, Rjp = 0-32812. 

8 . 10 . 

7. R, - R, = 0-5740, Rj - R, = 0-445O, R, - R 4 = 0-3460. 

8 . Rj - R, = 1-030, Rj - Rj = 0-88O, R, - R 4 = 0-7540, R, - R, 

= 0-6460, R 5 - R, = 0-5520. 

9. R,-Rj= 1-8350, Rj-Rj = 1-410, Rj-R* = 1-090. 

10. Rj - Rj = 0-540, Rj - R 3 = 0-435O, R, - R 4 = 0-3530, 

R4 - Rj = 0-2860. 

11. Rjp - Rjp = 0-460, Rjp - Rs^ = 0-3750, R,, - Rjp = 0-30. 

12. Rjp - Rjp = 0-290, Rjp - Rjp = 0-2460, R,p - R 4 p = 0-2080. 

13. Rj - Rj = 0-3370, R, - R, = 0-2870, R, - R. = 0-2440, 
R 4 ~ R 3 “ 0-2080, Rip “ R 2 n ~ 0-230, R-ip ~ Rap “ 0-20, Rap “ Rap 
= 0-170. 

14. R^- = 0-29550, R^ - R^ = 0-2380, R, - R 4 = 0-1920, 

R 4 - Rj = 0-15450; Ri_ - Rj. = 0-320, R,- - R._ = 0-2690, 

- « 4 i, = 0-2260. 

16. Fj = 63 V, Fj = 75 V; 38 A. 

16. (1) 1-20; (2) 69 A; (3) 49 V. 

17. Fi = 139-2 V, Fj = 168 V, F, = 194 V, F* = 217-8 V, F. 
= 240 V. 

18. Fj = 131 V, F, = 144-5 V, F, = 168-5 V, F 4 = 173 V, Fj 
= 189 V, F, = 206 V, F, = 223 V, F, = 241 V, F, = 261 V, 
Vjo = 282 V, Fji = 304 V, V,, = 328 V, F„ = 353 V, F 14 = 380 V. 

EXAMPLES IV 

1. 0-638 m.p.h.p.s. 

2. 31-3 m.p.h. 

8 . 1-05 m.p.h.p.s. 

4. (1) 28,6001b.; (2) 1,487 kW. 

6 . 1-025 m.p.h.p.s. up the gradient; 1-225 m.p.h.p.s. down the 
gradient. 
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6. (1) Time (sec.) . . 0 24-8 87-8 102 

Speed (m.p.h.) 0 24*8 24*8 0 

(2) 52 Wh per ton-mile. ^ 

7. (a) 2,290 kW; (b) 138-4 kW; (c) 52 Wh per ton-mile. 

8 . 7,8001b. 

9. 207 1b. 

10. 87-26 tons. 

11. (1) 4-65 kWh; (2) 71-3 Wh per ton-mile. 

12. Time (sec.) . 0 18-8 24-9 36-9 61-7 70-7 87-3 

Speed (m.p.h.) . 0 20 25 30 35 33-95 0 

Schedule speed =» 26-7 m.p.h. 

13. 60-8 Wh per ton-mile. 

14. = 27 m.p.h. Specific energy consumption = 55-7 Wh per 
ton-mile. 

15. 48-5 Wh per ton-mile. 

16. 110 Wh per ton-mile. 

17. (1) 7,875 ft; (2) 81-1 Wh per ton-mile; (3) 41-2 per cent. 

18. (a) 35,650 lb.; (6) 8 kWh (assuming average energy efficiency 
= 60 per cent); (c) 60-1 Wh per ton-mile. 

19. (1) 9-46 m.p.h.; (2) 114-5 A. 

20. 4,415 Ib.-ft. 

21. (1) 66 A to 76'2 A; (2) 12 m.p.h. to 13-85 m.p.h. 

22. 27-4 sec. 

23. 91*5 Wh. per ton-mile. 

24. 0-417 kWh. 

25. (a) 1,037 kW sec.; (b) 220 W; (c) 168 kW (max.); (d) 10-55 
m.p.h.; (e) 20-7 sec. 

26. 9-75 m.p.h. 

27. 

(a) 90 sec. 


(bj Time (sec.) 

0 

22-9 

26-3 

33-3 

44-7 

47 

96-2 

112 

Speed (m.p.h.). 

0 

24-9 

28 

32 

36 

37 

31-8 


28. 

Time (sec.) . 

0 

18-1 

21-4 

27-3 

40-4 

81 

156-4 

160 

Speed (ft. p. sec.) . 

0 

35 

40 

45 

50 

54-8 

12 

0 

29. 

Time (sec.) . 

0 

24-5 

27-2 

33-4 

51-1 

59-3 

100-5 

no 

Speed (m.p.h.) 

0 

22-5 

24-5 

27-5 

31 

31-7 

19 

0 

Distance (ft.) 

0 

404 

496 

734 

1,494 

1,820 

1,535 

3,480 

Energy consumption 

= 112-5 Wh 

per 

ton-mile. 
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"^me(8ec.) . . 0 29-3 32-3 38-9 47-3 62 136-3 162 

Speed (m.p.h.) . 0 26-2 28*5 32 35 36*3 27*6 0 

R.m.s. current per motor = 217 A. 

81. (1) 73*2 Wh per ton-mile; (2) 178 A. 

82. 210 A. 

88 . Speed-time curve— 

Time (sec.) . 18 20 23 1 28-5 43*2 63*2 58*9 67*2 76*2 

Speed(m.p.h.) 18*7 21*1 24 27*1 26*6 22*9 20*4 18 0 

Energy consumption: 71*8 Wh per ton-mile. 

84. (a) 3*71 kWh; (b) 7*76 kWh per train mile; (c) 0*064 m.p.h.p.s. 
1*33 m.p.h.p.s.; (d) 46 per cent. 


EXAMPLES V 

1. (1) 0*83 ton; 0-208 ton. 

2. Pole face area, 30-5 sq. cm. 

8 . 986 tons (coefficient of adhesion = 0*2). 

4. 65 tons. 

8 . 6 . 

6 . (1) 1*38 m.p.h.p.s.; (2) 3*05 m.p.h.p.s. 

7. 400 tons. 

8 . (1) 2(7ol; (2) 3, compensated series, 550 h.p.; (3) individual 
axle, geared, with universal linkwork couplings; (4) 1,480 kVA. 

9. 7*5 tons, 17*5 tons. 

10. 2*5 m.p.h.p.s. 

12. 9*06 ton-ft.-sec. 

18. See Fig. 14(6), AB, 16^; BG, 8^; 15", ED, 8". 

Pull (P. Fig. 14(6) - 13901b. 

14. See Fig. 14(6), AB, 14"; BC, 10^ P,£?, 12-6", ED, 9". 

EXAMPLES VI 

1 . 6 * 8 ". 

8. 9*25". 

8. 980 lb., 9*25". 

4 . 762 lb. 

6. 14,500 lb. per sq. in. 
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6. ^ = Iw'PIT, [tv' = equivalent weight per ft. of span, I = 
half length of span.] 

7. 2-24 metres. 

8. (a) 8-72 ft.; (6) 1,7451b. 

EXAMPLES VIT 

1. O lllQ. 

2. 475 V. 

3 . 1 mile. 

4. Currents (A): A, 104-4 - 84-4 - 44-4 - 24-4 - 35-6 - 115-6 B ; 
Lowest voltage (644-3 V) at 60 A load point. 

6 . l-9sq. in. 

6. 38 kW, assuming feeding point to be at same potential as 
negative bus-bar. 

6a. 75 a. 

7. D ~ pV^ cos q) (100 -p)I{PZ x 10"); 42-5 miles. 

8. a, = [ 2 px/{J, + J,)lv](W{h + /.) 4- VWh + 

^2 ~ 2p/2 12(^1 V(l2 4- -^a) “b 4* VI^a))/[^(^a\/-^2 4* » 

^3 ~ ®2^3^8/^2-^2- 

9. 0-2015 sq. in. 

10. One-fifth of distance between intermediate feeding points. 

11. (a) 501-25 V at 100 A, 498-76 at 200 A; (6) (B) 498-6 V, (C) 
497-25 V. 

12 . 

Time (sec.) .0 1-5 3 4*5 6 7-5 9 12 15 

Load on A (kW) . 750 650 550 450 400 250 200 100 0 

Volts at train . 1,500 1,435 1,390 1,365 1,360 1,375 1,390 1,435 1,500 

Miles from ^.01234568 10 

18. (1) 15: 1; (2) 6: 1. 

14. 843 A; 67-2 A. 

16. 95 A. 

16. 7,500 ft. per min. 

17. 0-06120. 

18. (1) 967 A; (2) (a) 22-6^ (b) 14°. 

19. (1) 1,200 V; (2) two three-phase star groups with centre- 
tapped reactance between neutral points. 

20. (1) 192 A; (2) 1,387 kVA. 
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Roberts, D.I.C., M.l.Min.E., F.G.S. 

Mining Law and Mine Management. By Alexander 

Watson. A.R.S.M.8 6 

Mine Ventilation and Lighting. By C. D. Mottram, 

B.Sc.8 6 

Colliery Explosions and Recovery Work. By J. W. 

Whitaker. Ph.D. (Eng.). B.Sc., F.I.C.. M.l.Min.E. . 8 6 

Arithmetic and Surveying. By R. M. Evans, B.Sc., 

F.G.S., M.l.Min.E.8 6 

Mining Machinery. By T. Bryson, A.R.T.C., 

M.l.Min.E.12 6 

Winning and Working. By Prof. Ira C. F. Stratharn, 

B.Eng., F.G.S., M.l.Min.E.210 

Mining Educator, The. Edited by J. Roberts, D.I.C., 

M.l.Min.E., F.G.S., In two vols. . . . . . 63 0 

Mining Science, A Junior Course in. By Henry G. Bishop. 2 6 

Tin Mining. By C. G. Moor, M.A. . . . . .86 








CIVIL ENGINEERING, BUILDING, ETC. 7 


CIVIL ENGINEERING, BUILDING, ETC. 

Audel's Masons* and Builders* Guides. In four volumes s. d. 

Each 7 6 

1. Brickwork, Brick-laying, Bonding, Designs 

2. Brick Foundations, Arches, Tile Setting, Estimat¬ 

ing 

2. Concrete Mixing, Placing Forms, Reinforced 
Stucco 

4. Plastering, Stone Masonry, Steel Construction, 

Blue Prints 

Audel's Plumbers* and Steam Fitters’ Guides. Practical 

Handbooks in four volumes .... Each 7 6 

1. Mathematics, Physics, Materials, Tools, Lead- 

work 

2. Water Supply, Drainage, Rough Work, Tests 

3. Pipe Fitting, Heating, Ventilation, Gas, Steam 

4. Sheet Metal Work, Smithing, Brazing, Motors 
Brickwork, Concrete, and Masonry. Edited by T. Corkhill, 

M.I.Struct.E. In seven volumes . . . Each 6 0 

“ The Builder ’* Series— 

Architectural Hygiene; or. Sanitary Science as 
Applied to Buildings. By Banister F. Fletcher, 
F.R.I.B.A.. F.S.L, and H. Phillips Fletcher, F.R.I.B.A., 

F.S.I., Fifth Edition, Revised . . . . . 10 6 

Carpentry and Joinery. By Banister F. Fletcher, 
F.R.I.B.A., F.S.L, etc., and H. Phillips Fletcher, 
F.R.I.B.A., F.S.I., etc. Fifth Edition, Revised . . 10 6 

Quantities and Quantity Taking. By W, E. Davis. 

Seventh Edition, Revised by P.T. Walters, F.S.L, F.I.Arb. 6 0 

Building, Definitions and Formulae i or Students. By T. 

Corkhill, F.B.I.C.C., M.I.Struct.E.- 6 

Building Educator, Pitman's. Edited by R. Greenhalgh, 

A.I.Struct.E. Tn three volumes . . , . . 63 0 

Building, Mechanics of. By Arthur D. Turner, A.C.G.I., 

A.M.I.C.E.5 0 

Field Manual of Survey Methods and Operations. By A. 

Lovat Higgins, B.Sc., A.R.C.S., A.M.I.C.E. . . .210 

Hydraulics for Engineers. By Robert W. Angus, B.A.Sc. 12 6 

Hydraulics. By E. H. Lewitt, B.Sc. (Lond.), M.l.Ae.E., 

A.M.I.M.E. Third Edition.10 6 

Joinery & Carpentry. Edited by R. Greenhalgh, A.I.Struct.E. 

In six volumes ...... Each 6 0 

Painting and Decorating. Edited by C. H. Eaton, F.I.B.D. 

In six volumes ...... Each 7 6 

Plumbing and Gasfitting. Edited by Percy Manser, R.P., 

A.R.S.I. In seven volumes . . . Each 6 0 

Reinforced Concrete, Detail Design in. By Ewart S. 

Andrews, B.Sc. (Eng.) . . . . . . .60 

Reinforced Concrete. By W. Noble Twelvetrees, M.I.M.E., 
A.M.I.E.E. 


21 0 
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Civil Engineering, Building, etc.—contd. 

Reinforced Concrete Members, Simplified Methods of 
Calculating. By W. Noble Twelvctrecs. Second Edition, 
Revised and Enlarged . ..... 

Specifications for Building Works. By W. L. Evershed, 

F.S.I. 

Structures, The Theory of. By H. W. Coultas, M.Sc., 
A.M.I.Struct.E., A.I.Mech.E. ...... 

Surveying, Tutorial Land and Mine. By Thomas Bryson 
Water Mains, Lay-out of Small. By H. H. Hellins, 
M.Inst.C.E. ......... 

Waterworks for Urban and Rural Districts. By H. C. 
Adams, M.Inst.C.E., M.I.C.E., F.S.I. 


MECHANICAL ENGINEERING 

Audel’s Engineers’ and Mechanics' Guides. In eight 
volumes. Vols. 1-7 . . . . . Each 

Vol. 8. 

Condensing Plant. By R. J. Kaula, M.I.E.E., and I. V. 
Robinson, M.I.E.E. ....... 

Definitions and Formulae for Students—Applied Me¬ 
chanics. By E. H. Lewitt, B.Sc., A.M.I.Mech.E. 
Definitions and Formulae for Students—Heat Engines. 
By A. Rimmer, B.Eng. ....... 

Diesel Engines : Marine, Locomotive, and Stationary. By 
David Louis Jones, Instructor, Diesel Engine Department, 
U.S. Navy Submarine Department ..... 

Engineering Educator, Pitman’s. Edited by W. J. 
Kearton, M.Eng., A.M.I.Mech.E., A.M.Inst.N.A. In three 
volumes ......... 

Friction Clutches. By R. Waring-Brown, A.M.I.A.E., 

F.R.S.A., M.I.P.E. 

Fuel Economy in Steam Plants. By A. Grounds, B.Sc., 

A.I.C., F.Inst.P. . 

Fuel Oils and Their Applications. By H. V. Mitchell, 
F.C.S., M.Inst.P.Tech. Second Edition Revised by Arthur 
Grounds, B.Sc., A.I.C., F.Inst.P. . . . . . 

Mechanical Engineering Detail Tables. By John P. 
Ross .......... 

Mechanical Engineers' Pocket Book, Whittaker's. Third 
Edition, entirely rewritten and edited by W. E. Dommett, 

A.F.Ae.S., A.M.I.A.E. 

Mechanics' and Draughtsmen’s Pocket Book. By W. E. 

Dommett, Wh.Ex., A.M.I.A.E. 

Mechanics of Materials, Experimental. By H. Carrington, 
M.Sc. (Tech.), D.Sc., M.Inst.Met, A.M.I.Mech.E., 

A. F.R.AE.S. 

Mechanics for Engineering Students. By G. W. Bird, 

B. Sc., A.M.I.Mech.E. 


s. d . 
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Mechanical Engineering—contd. 

Mollier Steam Tables and Diagrams, The. Extended to the 
Critical Pressure. English Edition adapted and amplified 
from the Third German Edition by H. Moss, D.Sc., A.R.C.S., 

D.I.C. 

Mollier Steam Diagrams. Separately in envelope 
Motive Power Engineering. For Students of Mining and 
Mechanical Engineering. By Henry C. Harris, B.Sc. 

Steam Condensing Plant. By John Evans, M.Eng., 

A.M.I.Mech.E. 

Steam Plant, The Care and Maintenance of. A Practical 
Manual for Steam Plant Engineers. By J. E. Braham, B.Sc., 

A.C.G.I. 

Steam Turbine Theory and Practice. By W. J. Kearton, 
A.M.I.M.E. Second Edition ...... 

Strength of Materials, By F. V. Warnock, Ph.D., B.Sc. 

(Lond.), F.R.C.Sc.L, A.M.I.Mech.E. 

Textile Mechanics and Heat Engines. By Arthur Riley, 
M.Sc (Tech.), B.Sc., A.M.I.Mech.E., andJEdward Dunkerley 
Theory of Machines. By Lx^uis Toft, M.Sc.Tech., and A. T. J. 
Kersey, B.Sc. ........ 

Thermodynamics, Applied, By Prof. W. Robinson, M.E., 
M.Inst.C.E. ......... 

Turbo-Blowers and Compressors. By W. J. Kearton, 

A.M.I.M.E. 

Uniflow, Back-pressure, and Steam Extraction Engines. 
By Eng. Lieut.-Com. T. Allen, R.N.(S.R.), M.Eng., 

M.I.Mech.E. 

Workshop Practice. Edited by E. A. Atkins, M.I.Mech.E., 
M.I.W.E. In eight volumes .... Each 


AERONAUTICS, ETC. 

Aerobatics. By Major O. Stewart, M.C., A.F.C.. 

Aeronautics, Definitions and Formulae for Students. 
By J. D. Frier, A.R.C.Sc., D.I.C. 

Aeroplane Design and Construction, Elementary Prin¬ 
ciples OF. By A. W. Judge, A.R.C.S., Wh.Ex., A.M.I.A.E. 

Aeroplane Simply Explained, The. By E. A. McGuinness. 

Aeroplane Structural Design. By T. H. Jones, B.Sc., 
A.M.I.E.E., and J. D. Frier, A.R.C.Sc., D.I.C. 

Aircraft, Modern. By Major V, W. Pag^, Air Corps Reserve, 
U.S.A. 

Airmanship. By John McDonough . . . . . 

“ Airmen or Noahs **: Fair Play for Our Airmen. ByJRear- 
Admiral Murray F. Sueter, C.B., R.N., M.P. 

Airship, The Rigid. By E. H. Lewitt, B.Sc., M.I.Ae.E. 

Aviation : From the Ground Up. By Lieut. G. B. Manly . 
a 


5 . d. 
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Aeronautics, etc.—contd. 

Gliding and Motorless Flight. By C. F. Carr and L. 
Howard-Flanders. A.F.R.AE.S., M.I.AE.E., A.M.I.Mech.E. 

Learning to Fly. By F. A. Swoffer, M.B.E. With a Foreword 
by the late Sir Sefton Brancker, K.C.B., A.F.C. . 

Light Aero Engines. By C. F. Gaunter .... 

Parachutes for Airmen. By Charles Dixon 

Pilot’s “ A ” Licence. Compiled by John F. Iteming, Royal 
Aero Chib Observer for Pilot's Certificates. Fourth Edition. 

MARINE ENGINEERING 

Marine Engineering, Definitions and Formulae for Stu¬ 
dents. By E. Wood, B.Sc. ...... 

Marine Screw Propellers, Detail Design of. By Douglas 
H. Jackson. M.I.Mar.E., A.M.I.N.A. 


MOTOR ENGINEERING 

Automobile and Aircraft Engines. By A. W. Judge, 
A.R.C.S., A.M.I.A.E. Second Edition .... 
Carburettor Handbook, The. By E. W. Knott, A.M.I.A.E. 
Coil Ignition for Motor-cars. By C. Sylvester, A.M.I.E.E., 

A.M.I.Mech.E. 

Gas and Oil Engine Operation. By J. Okill, M.I.A.E. 

Gas Engine Troubles and Installation, with Trouble 
Chart. By John B. Rathbun, M.E. .... 
Gas, Oil, and Petrol Engines. By A. Garrard, Wh.Ex. 
Magneto and Electric Ignition. By W. Hibbert, A.M.I.E.E. 
Motor Truck and Automobile Motors and Mechanism. By 
T. H. Russell, A.M., M.E., with numerous Revisions and 
Extensions by John Rathbun ..... 
Thornycroft. The Book of the. By “ Auriga " 
Motor-Cyclist’s Library, The. Each volume in this series 
deals with a particular type of motor-cycle from the point 
of view of the owner-driver .... Each 

A. J.S., The Book of the. By W. C. Haycraft. Second 
Edition 

Ariel, The Book of the. By G. S. Davison. Second 
Edition 

B. S.A., The Book of the. By “ Waysider.” Fourth 
Edition 

Douglas, The Book of the. By E. W. Knott. Third 
Edition 

Imperial, Book of the New. By F. J. Camm 
Motor-cycling for Women. By Betty and Nancy 
Debenham. With a Foreword by Major H. R. Watling 
Norton, The Book of the. By W. C. Haycraft 
P. AND M., The Book of the. By W. C. Haycraft. Third 
Edition 
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Raleigh Handbook, The. By “ Mentor.” Third 5 . d. 
Edition 

Royal Enfield, The Book of the. By R. E. Ryder 

Rudge, The Book of the. By L. H. Cade 

Triumph, The Book of the. By E. T. Brown. Second 
Edition 

ViLLiERS Engine, Book of the. By C. Grange 
Motorists* Library, The. Each volume in this series deals 
with a particular make of motor-car from the point of view 
of the owner-driver. The functions of the various parts of 
the car are described in non-technical language, and driving 
repairs, legal aspects, insurance, touring, equipment, etc., all 
receive attention. 

Austin Twelve, The Book of the. By B. Garbutt and 
R. Twelvetrees. Illustrated by H. M. I3ateman. Second 


Edition . . . . . . . .50 

Morgan, The Book of the. By G. T. Walton . .26 

Singer Junior, Book of the. By G. S. Davison . 2 6 

Standard Car, The Book of the. By ” Pioneer ’’ . 6 0 

Clyno Car, The Book of the. By E. T. Brown . 3 6 

Motorist’s Electrical Guide, The. By A. H. Avery. 

A.M.I.E.E.3 6 

OPTICS AND PHOTOGRAPHY 

Amateur Cinematography. By Capt. O. Wheeler, F.R.P.S. . 6 0 

Applied Optics, Introduction to. Volume I. General and 

Physiological. By L, C. Martin, D.Sc., A.R.C.S., D.I.C. . 21 0 

Bromoil and Transfer. By L. G. Gabriel . . .76 

Camera Lenses. By A. W. Lockett . . . . .26 

Colour Photography. By Capt. O. Wheeler, F.R.P.S.. .12 6 

Commercial Photography. By D. Charles . . .50 

Complete Press Photographer, The. By Bell R. Bell . 6 0 

Lens Work for Amateurs. By H. Orford. Fifth Edition, 

Revised by A. Lockett. . . . . . . .36 

Photographic Chemicals and Chemistry. By T. L. J. 

Bentley and J. Southworth . . . . . .36 

Photographic Printing. By R. R. Rawkins . . .36 

Photography as a Business. By A. G. Willis . . .50 

Photography Theory and Practice. By L. P. Clerc and 

G. E. Brown.35 0 

Retouching and Finishing for Photographers. By J. S. 

Adamson . . . . . . . . .40 

Studio Portrait Lighting. By H. Lambert, F.R.P.S. 15 0 

astronomy 

Astronomy for Everybody. By Professor Simon Newcomb. 

LL.D. W'ith an Introduction by Sir Robert Ball . .50 

Astronomy, Pictorial. By G. F. Chambers, F.R.A.S. . 2 6 

Great Astronomers. By Sir Robert Ball, D.Sc., LL.D., F.R.S. 5 0 

High Heavens, In the. By Sir Robert Ball . . .50 

Starry Realms, In. By Sir Robert Ball. D.Sc., LT. D.. F.R.S 5 0 
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ELECTRICAL ENGINEERING, ETC. 

Accumulator Charging, Maintenance, and Repair. By s. rf. 

W. S. Ibbetson, Second Edition . . . . .36 

Alternating Current Bridge Methods of Electrical 

Measurement. By B. Hague, D.Sc. Second Edition , 15 0 

Alternating Current Circuit. By Philip Kemp, M.I.E.E. . 2 6 

Alternating Current Machinery, Papers on the Design 
OF. By C. C. Hawkins, M.A., M.I.E.E., S. P. Smith, D.Sc., 

M.I.E.E. and S. Neville, B.Sc.21 0 

Alternating Current Power Measurement. By G. F. Tagg 3 6 
Alternating Current Work. By W. Perren May cock, 

M.I.E.E. Second Edition . . . . . . 10 6 

Alternating Currents, The Theory and Practice of. By 


A. T. Dover, M.I.E.E. Second Edition . . . . 18 0 

Armature Winding, Practical Direct Current. By L. 

Wollison ......... 7 6 

Cables, High Voltage. By P. Dunsheath. O.B.E., M.A., B.Sc. 

M.I.E.E.10 6 


Continuous Current Dynamo Design, Elementary Prin¬ 
ciples of. ByH.M. Hobart, M.I.C.E.,M.I.M.E.,M.A.I.E.E. 10 6 

Continuous Current Motors and Control Apparatus. By 

W. Perren Maycock, M.I.E.E. . . . . .76 

Definitions and Formulae for Students—Electrical. By 

P. Kemp, M.Sc., M.I.E.E.- 6 

Definitions and Formulae for Students—Electrical In¬ 
stallation Work. By F. Peake Sexton, A.R.C.S., A.M.I.E.E. - 6 

Direct Current Dynamo and Motor Faults. By R. M. 

Archer ......... 7 6 

Direct Current Electrical Engineering, Elements of. 

By H. F. Trewman, M.A., and C. E. Condliffe, B.Sc. . 5 0 

Direct Current Electrical Engineering, Principles of. 

By James R. Barr, A.M.I.E.E. . . . . . 15 0 

Direct Current Machines, Performance and Design of. 

By A. E. Clayton, D.Sc., M.I.E.E.16 0 

Dynamo, The : Its Theory, Design, and Manufacture. By 
C. C. Hawkins, M.A., M.I.E.E. In three volumes. Sixth 
Edition— 

Volume I . . . . . . . , 21 0 

„ II.15 0 

„ III.30 0 

Dynamo, How to Manage the. By A. E. Bottone. Sixth 

Edition, Revised and Enlarged . . . . .20 

Electric and Magnetic Circuits—Alternating and 

Direct Current, The. By E. N. Pink, B.Sc., A.M.I.E.E . 3 6 

Electric Bells and All About Them. By S. R. Bottone. 

Eighth Edition, thoroughly revised by C. Sylvester, 

A.M.I.E.E.3 6 

Electric Circuit Theory and Calculations. By W. Perren 
Maycock, M.I.E.E. Third Edition, Revised by Philip Kemp, 

M.Sc., M.I.E.E . A.A.I.E.E.10 6 








ELECTRICAL ENGINEERING—contd. 13 


Electric Light Fitting, Practical. By F. C. Allsop. Tenth 
Edition, Revised and Enlarged ..... 
Electric Lighting and Power Distribution. By W. 
Perren Maycock, M.I.E.E. Ninth Edition, thoroughly 
Revised and Enlarged— 

Volume I ........ 

„ II. 

Electric Lighting in Factories and Workshops. By Leon 
Gaster and J. S. Dow ....... 

Electric Lighting in the Home. By Leon Gaster 
Electric Machines, Theory and Design of. By F. Greedy, 

M.I.E.E.. A.C.G.I. 

Electric Motors and Control Systems. By A. T. Dover, 

M.I.E.E., A.Amer.I.E.E. 

Electric Motors (Direct Current) : Their Theory and 
Construction. By H. M. Hobart, M.I.E.E., M.Inst.C.E., 
M.Amer.I.E.E. Third Edition, thoroughly Revised . 
Electric Motors (Polyphase) : Their Theory and Con¬ 
struction. By H. M. Hobart, M.Inst.C.E., M.I.E.E., 
M.Amer.I.E.E. Third Edition, thoroughly Revised . 
Electric Motors for Continuous and Alternating Cur¬ 
rents, A Small Book on. By W. Perren Maycock, 

M.I.E.E. 

Electric Traction. By A. T. Dover, M.I.E.E., Assoc. Amer. 
I.E.E. Second Edition ....... 

Electric Wiring Diagrams. By W. Perren Maycock, 

M.I.E.E. 

Electric Wiring, Fittings, Switches, and Lamps. By W. 
Perren Maycock, M.I.E.E. Sixth Edition. Revised by 

Philip Kemp, M.Sc., M.I.E.E. 

Electric Wiring of Buildings. By F. C. Raphael, M.I.E.E. 
Electric Wiring Tables. By W. Perren Maycock, M.I.E.E., 
and F. C. Raphael, M.I.E.E. Fifth Edition 
Electrical Condensers. By Philip R. Coursey, B.Sc., 

F.Inst.P., A.M.I.E.E. 

Electrical Educator. By Sir Ambrose Fleming, M.A., D.Sc., 
F.R.S. In two volumes ...... 

Electrical Engineering, Classified Examples in. By S. 
Gordon Monk, B.Sc. (Eng.), A.M.I.E.E. In two parts— 
Volume I. Direct Current ..... 

„ II. Alternating Current .... 
Electrical Engineering, Elementary. By O. R. Randall, 

Ph.D., B.Sc., Wh.Ex. 

Electrical Engineer's Pocket Book, Whittaker's. Origi¬ 
nated by Kenelm Edgcumbe, M.I.E.E., A.M.I.C.E. Sixth 
Edition. Edited by R. E. Neale, B.Sc. (Hons.) 

Electrical Instrument Making for Amateurs. By S. R. 
Bottone. Ninth Edition ...... 

Electrical Insulating Materials. By A. Monkhouse, Junr., 
M.I.E.E., A.M.I.Mech.E. 
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Electrical Engineering, etc.^—contd. 

Electrical Guides, Hawkins*. Each book in pocket size . 

1. Electricity, Magnetism, Induction, Experiments, 

Dynamos, Armatures, Windings 

2. Management of Dynamos, Motors, Instruments, 

Testing 

3. Wiring and Distribution Systems, Storage Bat¬ 

teries 

4. Alternating Currents and Alternators 

5. A.C. Motors, Transformers, Converters, Rectifiers 

6. A.C. Systems, Circuit Breakers, Measuring Instru¬ 

ments 

7. A.C. Wiring, Power Stations, Telephone Work 

8. Telegraph, Wireless, Bells, Lighting 

9. Railways, Motion Pictures, Automobiles, Ignition 

10. Modern Applications of Electricity. Reference 

Index 

Electrical Machines, Practical Testing of. By L. Oulton, 
A.M.I.E.E., and N. J. Wilson, M.I.E.E. Second Edition . 
Electrical Power Transmission and Interconnection. 

By C. Dannatt, B.Sc., and J. W. Dalgleish, B.Sc. 
Electrical Technology. By H. Cotton, M.B.E., D.Sc., 

A.M.I.E.E. 

Electrical Terms, A Dictionary of. By S. R. Roget, M.A., 

A.M.Inst.C.E., A.M.I.E.E. 

Electrical Transmission and Distribution. Edited by 
R, O. Kapp, B.Sc. In eight volumes. Vols. I to VII, each 

Vol. VIII. 

Electrical Wiring and Contracting. Edited by H. Marryat, 
M.I.E.E., M.I.Mech.E. In seven volumes . . Each 

Electro-Motors: How Made and How Used. By S. R. 
Bottone. Seventh Edition. Revised by C. Sylvester, 

A.M.I.E.E. 

Electro-Technics, Elements of. By A. P. Young, O.B.E., 

M.I.E.E. 

Engineering Educator, Pitman’s. Edited by W. J. Kearton, 
M.Eng., A.M.I.Mech.E., A.M.Inst.N.A. In three volumes. 
Induction Coils. By G. E. Bonney. Fifth Edition 
Induction Coil, Theory of the. By E. Taylor-Jones, D.Sc., 
F.Inst.P. ......... 

Induction Motor, The. By H. Vickers, Ph.D., M.Eng. 
Kinematography Projection: A Guide to. By Colin H. 
Bennett, F.C.S., F.R.P.S. ...... 

Mercury-Arc Rectifiers and Mercury-Vapour Lamps. By 

Sir Ambrose Fleming, M.A., D.Sc., F.R.S. 

Oscillographs. By J. T. Irwin, M.I.E.E. .... 

Power Station Efficiency Control. By John Bruce, 

A.M.I.E.E. 

Power Wiring Diagrams. By A. T. Dover, M.I.K E., A.Amei . 
LE.E. Second Edition, Revised ..... 
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Practical Primary Cells. By A. Mortimer Codd, F.Ph.S. . 5 0 

Railway Electrification. By H. F. Trewman, A.M.I.E.E. 21 0 

Steam Turbo - Alternators, The. By L. C. Grant, 

A.M.I.E.E.15 0 

Storage Batteries: Theory, Manufacture, Care, and 

Application. By M. Arendt, E.E. . . . . 18 0 

Storage Battery Practice. By R. Rankin, B.Sc., M.I.E.E. 7 6 

Transformers for Single and Multiphase Currents. By 
Dr. Gisbert Kapp, M.Inst.C.E., M.I.E.E. Third Edition, 

Revised by R. O. Kapp, B.Sc. . . . . .15 0 

TELEGRAPHY, TELEPHONY, AND WIRELESS 


Automatic Branch Exchanges, Private. By R. T. A. s . d . 

Dennison . . . . . . . . 12 

Automatic Telephony, Relays in. By R. W. Palmer, 

A.M.I.E.E.10 6 

Baudot Printing Telegraph System. By H. W. Pendry. 

Second Edition . . . . . . . .60 

Cable and Wireless Communications of the World, The. 

By F J. Brown, C.B., C.B.E., M.A., B.Sc. fLond.) Second 
Edition. ...... ... 7 6 

Crystal and One-Valve Circuits, Successful. By J. H. 

Watkins ...... ... 3 6 

Loud Speakers. By C. M. R. Balbi, with a Foreword by Pro¬ 
fessor G. W. O. Howe. D.Sc., M.I.E.E., A.M.I.E.E., A.C.G.I. 3 6 
Photoelectric Cells. By Dr. N. I. Campbell and Dorothy 

Ritchie . . . . . . . . . 15 0 

Radio Communication, Modern. By J. Reyner. 3rd Ed. . 5 0 

Telegraphy. By T. E. Herbert, M.I.E.E. Fifth Edition . 20 0 

Telegraphy, Elementary. By H. W. Pendry. Second 

Edition, Revised . . . . . . . .76 

Telephone Handbook and Guide to the Telephonic 
Exchange, Practical. By Joseph Poole, A.M.I.E.E. 

(Wh.Sc.). Seventh Edition.18 0 

Telephony. By T. E. Herbert, M.I.E.E. . . . . 18 0 

Telephony Simplified, Automatic. By C. W. Brown. 

A.M.I.E.E. Second Edition.6 0 

Telephony, The Call Indicator System in Automatic. By 

A. G. Freestone, oj the G . P . O ., London , . . .60 

Telephony, The Director System of Automatic. By W. E. 

Hudson, B.Sc. Hons. (London), Whit.Sch., A.C.G.I. . .50 

Television : To-day and To-morrow. By Sydney A. Moseley 
and H. J. Barton Chappie, Wh.Sc., B.Sc. With a Fore¬ 
word by John L. Baird . . . . . . .76 

Wireless Manual, The. By Capt. J. Frost. Second Edition 5 0 

Wireless Telegraphy and Telephony, Introduction to 

By Sir Ambrose Fleming . . . . .36 
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MATHEMATICS AND CALCULATIONS 
FOR ENGINEERS 


Algebra, Common-sense, FOR Juniors. By F. F. Potter, M.A., s. d . 
B.Sc., and J. W. Rogers, M.Sc. . . . . .30 

With Answers . . . . . . . .36 

Algebra, Test Papers in. By A. E. Donkin, M.A. . .20 

With Answers . . . . . . . .26 

With Answers and Points Essential to Answers . .36 

Alternating Currents, Arithmetic of. By E. H. Crapper, 

M.I.E.E.4 6 

Calculus for Engineering Students. By John Stoney, 

B.Sc., A.M.I.Min.E.3 6 

Definitions and Formulae for Students—Practical 

Mathematics. By L. Toft, M.Sc. . . . . . - 6 

Electrical Engineering, Whittaker's Arithmetic of. 

Third Edition, Revised and Enlarged . . . .36 

Electrical Measuring Instruments, Commercial. By R. M. 

Archer, B.Sc. (Lond.), A.R.C.Sc., M.I.E.E. . . . 10 6 

Geometry, Exercises in Building. By Wilfred Chew . 1 6 

Geometry, Test Papers in. By W. E. Paterson, M.A., B.Sc. 2 0 

Points Essential to Answers, Is. In one book . .30 

Graphic Statics, Elementary. By J. T. Wight, A.M.I.Mech.E. 5 0 
Kilograms into Avoirdupois, Table for the Conversion 

of. Compiled by Redvers Elder. On paper . . .10 

Logarithms for Beginners. By C. N. Pickworth, Wh.Sc. 

Fourth Edition . , . . . . . .16 

Logarithms, Five Figure, and Trigonometrical Functions. 

By W. E, Dommett, A.M.I.A.E., and H. C. Hird, A.F.Ae.S. 
(Reprinted from Mathematical Tables) . . . .10 

Logarithms Simplified. By Ernest Card, B.Sc., and A. C. 

Parkinson, A.C.P. . . . . . . .20 

Mathematics and Drawing, Practical. By Dalton Grange. 2 0 

With Answers . . . . . . . .26 

Mathematics, Engineering, Application of. By W. C. 

Bickley, M.Sc. . . . . . . . .50 

Mathematics, Experimental. By G. R. Vine, B.Sc.— 

Book I, with Answers . . . . . . .14 

Book II, with Answers . . . . . . .14 

Mathematics for Engineers. Preliminary. By W. S. 

Ibbetson, B.Sc., A.M.I.E.E., M.I.Mar.E. . . .36 

Mathematics for Technical Students. Bv G. E. Hall . 5 0 

Mathematics, Practical, ByLouis Toft, M.Sc. (Tech.), and 
A. D. D. McKay, M.A. . . • , [In the Press) 

Mathematics, Industrial (Preliminary), By G. W. String- 

fellow ..........20 

With Answers . , . . . . . .26 

Mathematics, Introductory. By J. E. Rowe, Ph.D. . . 10 6 

Measuring and Manuring Land, and Thatchers' Work, 

Tables for. By J. Cullyer. Twentieth Impression. . 3 0 

Mechanical Tables. By J. Foden . . . . .20 
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Mathematics for Engineers—contd. s. d. 

Mechanical Engineering Detail Tables. By John P. 

Ross .......... 7 6 

Metalworker's Practical Calculator, The. ByJ.Matheson 2 0 

Metric Conversion Tables. By W. E. Dommett, A.M.I.A.E. 1 0 

Metric Lengths to Feet and Inches, Table for the Con¬ 
version OF. Compiled by Redvers Elder . . .10 

Mining Mathematics (Preliminary). By George W. String- 

fellow .......... 1 6 

With Answers ..... ..20 

Quantities and Quantity Taking. By W. E. Davis. Seventh 

Edition. Revised by P. T. Walters, F.S.I., F.I.Arb.. . 6 0 

Reinforced Concrete Members, Simplified Methods of 
Calculating. By W. N. Twelvetrees, M.I.M.E., A.M.I.E.E. 

Second Edition, Revised and Enlarged . . . .50 

Russian Weights and Measures, with their British and 

Metric Equivalents, Tables of. By Redvers Elder . 2 6 

Slide Rule, The. By C. N. Pickworth, Wh.Sc. Seventeenth 

Edition, Revised . . . . . . . .36 

Slide Rule: Its Operations; and Digit Rules, The. By 

A. Lovat Higgins, A.M.Inst.C.E. . . . . . - 6 

Steel's Tables. Compiled by Joseph Steel . . .36 

Telegraphy and Telephony, Arithmetic of. By T. E. 

Herbert, M.I.E.E., and R. G. de Wardt . . . .50 

Textile Calculations. By J. H. Whitwam, B.Sc. . . 25 0 

Trigonometry for Engineers, A Primer of. Bv W. G. 

Dunklcy, B.Sc. (Hons.).' . .50 

Trigonometry for Navigating Officers. By W. Percy 

Winter, B.Sc. (Hons.), Lend. . . . . . . 10 6 

Trigonometry, Practical. By Henry Adams, M.I.C.E . 

M.I.M.E., F.S.I. Third Edition, Revised and Enlarged . 5 0 

Ventilation, Pumping, and Haulage, Mathematics of. By 

F. Bilks . . . . . . . . .50 

Workshop Arithmetic, First Steps in. By H. P. Green . 1 0 

miscellaneous technical books 

Brewing and Malting. By J. Ross Mackenzie, F.C.S., 

F.R.M.S. Second Edition . . . . . .86 

Ceramic Industries Pocket Book. By A. B. Searle . .86 

Engineering Economics. By T. H. Burnham, B.Sc. (Hons.), 

H.Com., A.M.I.Mcch.E. Second Edition . . . 10 6 

Engineering Inquiries, Data for. By J. C. Connan, B.Sc., 

A.M.I.E.E., O.B.E.12 6 

Estimating. By T. H. Hargrave . . . . .76 

Furniture Styles, The. By H. E. Binstead. Second Edition 10 6 

Glue and Gelatine. By P. I. Smith . . . .86 

Lightning Conductors and Lightning Guards. By Sir 

Oliver J. Lodge, F.R.S., LL.D., D.Sc., M.I.E.E. . .15 0 

Modern Illuminants and Illuminating Engineering. By 

Leon Gaster and J. S. Dow. Second Edition . . . 25 0 
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Miscellaneous Technical Books-—contd. 

Music Engraving and Printing. By Wm. Gamble 

Petroleum. By Albert Lidgett. Third Edition. 

Precious and Semi-Precious Stones. By Michael Weimtein 
Second Edition ........ 

Printing. By H. A. Maddox ...... 

Refractories for Furnaces, Crucibles, etc. By A. B. 
Searle .......... 

Refrigeration, Mechanical. By Hal Williams, M.I.Mech.E., 
M.I.E.E., M.LStruct.E. 

Seed Testing. By J. Stewart Remington .... 

PITMAN’S TECHNICAL PRIMERS 

Each in foolscap 8vo, cloth, about 120 pp., illustrated . 

In each book of the series the fundamental principles of 
some subdivision of technology are treated in a practical 
manner, providing the student with a handy survey of the 
particular branch of technology with which he is concerned. 
They should prove invaluable to the busy practical man who 
has not the time for more elaborate treatises. 

Abrasive Materials. By A. B. Searle 

A.C. Protective Systems and Gears. By J. Henderson, B.Sc., 
M.C., and C. W. Marshall, B.Sc., A.M.I.E.E. 

Belts for Power Transmission. By W. G. Dunkley, B.Sc. 
(Hons.). 

Boiler Inspection and Maintenance. By R. Clayton. 

Capstan and Automatic Lathes. By Philip Gates. 

Central Stations, Modern. By C. W. Marshall, B.Sc., 
A.M.I.E.E. 

Coal Cutting Machinery, Longwall. By G. F. F. Eagar, 
M.I.Min.E. 

Continuous Current Armature Winding. By F. M. Denton, 
A.C.G.I., A.Amer.I.E.E. 

Continuous Current Machines, The Testing of. By Charles 
F. Smith, D.Sc., M.I.E.E., A.M.I.C.E. 

Cotton Spinning Machinery and Its Uses. By Wm. Scott 
Taggart, M.I.Mech.E. 

Diesel Engine. The. By A. Orton. 

Drop Forging and Drop Stamping. By H. Hayes. 

Electric Cables. By F. W. Main, A.M.I.E.E. 

Electric Cranes and Hauling Machines. By F. E. Chilton, 
A.M.I.E.E. 

Electric Furnace, The. By Frank J. Moffett, B.A., M.I.E.E., 
M.Cons.E. 

Electric Motors, Small. By E. T. Painton, B.Sc., A.M.I.E.E. 

Electrical Insulation. By W. S. Flight, A.M.I.E.E. 

Electrical Transmission of Energy. By W. M. Thornton, 
O.B.E., D.Sc., M.I.E.E. 

Electricity in Agriculture. By A. H. Allen, M.I.E.E. 

Electricity in Steel Works. By Wm. McFarlane, B.Sc. 
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Electrification of Railways. The. By H. F. Trewman, M.A. 2 6 

Electro-Deposition of Copper, The. And Its Industrial 
Applications. By Claude W. Denny, A.M.I.E.E. 

Explosives, Manufacture and Uses of. By R. C. Farmer, 

O.B.E., D.Sc., Ph.D. 

Filtration. By T. R. Wollaston, M.I.Mech.E. 

Foundrywork. By Ben Shaw and James Edgar. 

Grinding Machines and Their Uses. By Thos. R. Shaw, 
M.I.Mech.E. 

House Decorations and Repairs. By Wm. Prebble. 
Hydro-Electric Development. By J. W. Mearcs, F.R.A.S., 
M.Inst.C.E.. M.I.E.E., M.Am.I.E.E. 

Illuminating Engineering, The Elements of. By A. P. 

Trotter, M.I.E.E. 

Industrial and Power Alcohol. Bv R. C. Farmer, O.B.E., 

D.Sc., Ph.D., F.I.e. 

Industrial Electric Heating. By J.W. Beauchamp. M.I.E.E. 
Industrial Motor Control. By A. T. Dover, M.I.E.E. 

Industrial Nitrogen. By P. H. S. Kempton, B.Sc. (Hons.), 
A.R.C.Sc. 

Kinematograph Studio Technique. By L. C. Macbean. 
Lubricants and Lubrication. By J. H. Hyde. 

Mechanical Handling of Goods, The. By C. H. Woodfield, 
M.I.Mech.E. 

Mechanical Stoking. By D. Brownlie, B.Sc., A.M.I.M.E. 
(Double volume, price 5s. net.) 

Metallurgy of Iron and Steel. Based on Notes by Sir 
Robert Hadfield. 

Municipal Engineering. By H. Percy Boulnois, M.Inst.C.E., 
F.R.San.In.st., F.Inst.S.E. 

Oils, Pigments, Paints, and Varnishes. By R. H. Truelove. 
Patternmaking. By Ben Shaw and James Edgar. 

Petrol Cars and Lorries. By F. Heap. 

Photographic Technique. By L. J. Hibbert, F.R.P.S. 

Pneumatic Conveying. By E. G. Phdlips, M.I.E.E., 
A.M.I.Mcch.E. 

Power Factor Correction. By A. E. Clayton, B.Sc. (Eng.) 

Lond., A.K.C.. A.M.I.E.E. 

Radioactivity and Radioactive Substances. By J. 
Chadwick, M.Sc. 

Railway Signalling ; Automatic. By F. Raynar Wilson. 

Railway Signalling : Mechanical. By F. Raynar Wilson. 

Sewers and Sewerage. By H. Gilbert Whyatt, M.I.C.E. 

Sparking Plugs. By A. P. Young and H. Warren. 

Steam Engine Valves and Valve Gears. By E. L. Ahrons, 
M.I.Mech.E., M.I.Loco.E. 

Steam Locomotive, The. By E. L. Ahrons, M.I.Mech.E., 
M.I.Loco.E. 

Steam Locomotive Construction and Maintenance. By E. 

L. Ahrons, M.I.Mech.E., M.I.Loco.E. 
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Pitman's Technical Primers— contd .. . . . .26 

Steels, Special. Based on Notes by Sir Robert Hadfield, 

Bart.; compiled by H. T. Burnham, B.Sc. (Double volume, 
price 5s.) 

Steelwork, Structural. By Wm. H. Black. 

Streets, Roads, and Pavements. By H. Gilbert Whyatt, 
M.Inst.C.E., M.R.San.I. 

Switchboards, High Tension. By Henry E. Poole, B.Sc. 

(Hons ), Lond., A.C.G.I., A.M.I.E.E. 

Switchgear, High Tension. By Henry E. Poole, B.Sc.(Hons.), 

A.C.G.I., A.M.I.E.E. 

Switching and Switchgear. By Henry E. Poole, B.Sc.(Hons.), 

A. C.G.I., A.M.I.E.E. 

Telephones, Automatic. By F. A. Ellson, B.Sc., A.M.I.E.E. 

(Double volume, price 5s.) 

Tidal Power. By A. M. A. Struben, O.B.E., A.M.Inst.C.E. 

Tool and Machine Setting. For Milling:, Drilling, Tapping, 

Boring, Grinding, and Press Work. By Philip Gates. 

Town Gas Manufacture. By Ralph Staley, M.C. 

Traction Motor Control. By A. T. Dover, M.I.E.E, 
Transformers and Alternating Current Machines, The 
Testing of. By Charles F. Smith, D.Sc., A.M.Inst.C.E., 

Wh.Sc. 

Transformers, High Voltage Power. By Wm. T. Taylor, 
M.Inst.C.E., M.I.E.E. 

Transformers Small Single-Phase, By Edgar T. Painton, 

B. Sc. Eng. (Hons.) Lond., A.M.I.E.E. 

Water Power Engineering. By F. F. Fergusson. 

A. M.Inst.C.E. 

Wireless Telegraphy, Continuous Wave. By B. E. G. 

Mittell, A.M.I.E.E. 

Wireless Telegraphy, Directive. Direction and Position 
Finding, etc. By L. H. Walter, M.A. (Cantab.), A.M.I.E.E. 
X-Rays, Industrial Application of. By P. H. S. Kempton, 

B. Sc. (Hons.). 

COMMON commodities AND 
industries series 

Each book is crown 8vo, cloth, with many illustrations, etc. . 3 0 

In each of the handbooks in this series a particular product 
or industry is treated by an expert writer and practical man 
of business. 

Acids, Alkalis, and Salts. By G. H. J. Adlam, M.A., B.Sc.. 

F.C.S. 

Aluminium. Its Manufacture, Manipulation, and Marketing. 

By George Mortimer, M.Inst.Met. 

Anthracite. By A. Leonard Summers. 

Asbestos. By A. Leonard Summers. 
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S. d. 

Bookbinding Craft and Industry, The. By T. Harrison. 3 0 

Books: From the MS. to the Bookseller. By J. L. Young. 

Boot and Shoe Industry, The. By J. S. Harding. 

Bread and Bread Baking. By John Stewart. 

Brushmaker. The. By Wm. Kiddier. 

Butter and Cheese. By C. W. Walker Tisdale, F.C.S., and 
Jean Jones, B.D.F.D., N.D.D. Second Edition. 

Button Industry, The. By W. Unite Jones. 

Carpets. By Reginald S. Brinton. 

Clays and Clay Products. By Alfred B. Searle. 

Clocks and Watches. By G. L. Overton. 

Cloths and the Cloth Trade. By J. A. Hunter. 

Clothing Industry, The. By B. W. Poole. 

Coal. Its Origin, Method of Working, and Preparation for the 
Market. By Francis H. Wilson, M Inst.M.E. 

Coal Tar. By A. R. Warnes, F.C.S., A.I.Mech.E. 

Coffee. From the Grower to Consumer. By B. B. Keable. 

Cold Storage and Ice Making. By B. H. Springett. 

Concrete and Reinforced Concrete. By W. Noble Twelve- 
trees, M.I.M.E., A.M.I.E.E. 

Copper. From the Ore to the Metal. By H. K. Picard, M.Inst. 
of Min. and Met. 

Cordage and Cordage Hemp and Fibres. By T. Woodhouse 
and P. Kilgour. 

Corn Trade, The British. By A. Barker. 

Cotton. From the Raw Material to the Finished Product. By 
R. J. Peake. 

Cotton Spinning, By A, S. Wade. 

Drugs in Commerce. By J. Humphrey, Ph.C., F.J.I. 

Dyes and Their Application to Textile Fabrics. By A. J 
Hall, B.Sc., F.I.C., F.C.S. 

Electric Lamp Industry, The. By G. Arncliffe Pcrcival. 
Electricity. By R. E. Neale, B.Sc. (Hons.). 

Engraving. By T. W. Lascelles. 

Explosives, Modern. By S. I. Levy, B.A., B.Sc., F.I.C. 

Fertilizers. By H. Cave. 

Film Industry, The. By Davidson Boughey. 

Fishing Industry, The. By W. E. Gibbs, D.Sc. 

Furniture. By H. E. Binstead. Second Edition. 

Furs and the Fur Trade. By J. C. Sachs. 

Gas and Gas Making. By W. H. Y. Webber, C.E. 

Glass and Glass Manufacture. By P. Marson, Honours and 
Medallist in Glass Manufacture, 

Gloves and the Glove Trade. By B. E. Ellis. 

Gold. By Benjamin White. 

Gums and Resins. Their Occurrence, Properties, and Uses 
By Ernest J. Parry, B.Sc., F.I.C., F.C.S. 

Incandescent Lighting. By S. I. Levy, B.A., B.Sc., F.I.C. 

Ink. By C. Ainsworth Mitchell, M.A., F.I.C. 
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Iron and Steel. Their Production and Manufacture. By C. 3 0 

Hood. 

Ironfounding. Bv B. Whiteley. 

Jute Industry, The. By T. Woodhouse and P. Kilgour. 

Knitted Fabrics. By John Chamberlain and James H. 

Quilter. 

Lead. Including Lead Pigments. By J. A. Smythe, Ph.D., 

D.Sc. 

Leather. From the Raw Material to the Finished Product. 

By K. J. Adcock. 

Linen. From the Field to the Finished Product, By Alfred S. 

Moore. 

Locks and Lock Making. By F. J. Butter. 

Match Industry, The. By W. H. Dixon. 

Meat Industry, The. By Walter Wood. 

Motor Industry, The. By Horace Wyatt, B.A. 

Nickel. By F. B. Howard White, B.A. 

Oil Power. By Sidney H. North, A.Inst.P.T. 

Oils. Animal, Vegetable, Essential, and Mineral. By C. 

Ainsworth Mitchell, M.A., F.I.C. 

Paints and Varnishes. By A. S. Jennings, F.I.B.D. 

Paper. Its History, Sources, and Production. By Harry A. 

Maddox, Silver Medallist Papermaking. Third Edition. 

Patent Fuels. By J. A. Greene and F. Mollwo Perkin, C.B.E., 

Ph.D., h.I.C. 

Perfumery, Raw Materials of. By E. J. Parry, B.Sc., 

FI.C., F.C.S. 

Photography. By William Gamble, F.R.P.S. 

Platinum Metals, By E. A. Smith, A.R.S.M., M.I.M.M. 

Player Piano, The. By D. Miller Wilson. 

Pottery. By C. J. Noke and H. J. Plant. 

Rice. By C. E. Douglas, M.I.Mech.E, 

Rubber. Production and Utilization of the Raw Product. 

By H. P. Stevens, M.A., Ph.D., F.I.C., and W. H. Stevens, 
A.R.C.Sc., A.I.e. Third Edition. 

Salt. By A. F. Calvert, F.C.S. 

Shipbuilding and the Shipbuilding Industry. By J. 
Mitchell, M.I.N.A. 

Silk. Its Production and Manufacture. By Luther Hooper. 

Soap. Its Composition, Manufacture, and Properties. By 
William H. Simmons, B.Sc. (Lond.), F.C.S. 

Sponges. By E. J. J. Cresswell. Second Edition. 

Starch and Starch Products. By H. A. Auden, D.Sc., F.C.S. 

Stones and Quarries. By J. Allen Howe, O.B.E., B.Sc., 

M.Inst. Min. and Met. 

Straw Hats. By H, Inwards. 

Sugar. Cane and Beet. By the late Geo. Martineau, C.B., and 
Revised by F. C. Eastick, M.A. Fifth Edition. 

Sulphur and the Sulphur Industry. By Harold A. Auden, 

M.Sc., D.Sc., F.C.S. 
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Talking Machines. By Ogilvie Mitchell. 3 0 

Tea. From Grower to Consumer. By A. Ibbetson. 

Telegraphy, Telephony, and Wireless. By Joseph Poole, 
A.M.I.E.E. 

Textile Bleaching. By Alex. B. Steven, B.Sc. (Lond.), F.I.C. 
Timber. From the Forest to Its Use in Commerce. By W. 

Bullock. Second Edition. 

Tin and The Tin Industry. By A. H. Mundey. Second 
Edition. 

Tobacco. From Grower to Smoker. By A. E. Tanner. 

Velvet and the Corduroy Industry. By J. Herbert Cooke, 
Wallpaper. By G. Whiteley Ward. 

Weaving. By W. P. Crankshaw. 

Wheat and Its Products. By Andrew Millar. 

Wine and the Wine Trade. By Andre L. Simon. 

Wool. From the Raw Material to the Finished Product. By 
J. A. Hunter. 

Worsted Industry, The. By J. Dumville and S. Kershaw. 

Second Edition. 

Zinc and Its Alloys. By T. E. Lx^nes, M.A., LL.D., B.Sc. 


RAW materials OF COMMERCE 

Edited by J. H. Vanstone, F.R.G.S. Assisted by 
Specialist Contributors, 

In two volumes, demy 4to, cloth gilt, 804 pp., with 
numerous illustrations. Complete 40s. net. 
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Electrical Installation Work. Bv F. P(‘ake Sexton, A R.C.S.. 
A.M.I.E.E. 

Heat Engines. By Arnold Riinmer, B.Eng. 
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